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ABSTRACT

A technique was developed to obtaiﬁ bidirectional reflectance
data from natural surfaces by using a folding mirror to transfer Fhe
reflected energy from the test surface to a spectroradiometer. The
folding mirror was a first surface reflector made by stretching Mylar
vacuum coated with aluminum over a light weight frame. The optically
Vfolding mirror was positioned 6ver the test surfaces with a moveable
platform for both laboratory and field tests, Field tests were also
conducted using a tethered balloon system to position the folding
mirror., A spectroradiometer waé designed and built specifically for
this investigation. The spectroradiometer had an angular field of
view of twenty-four minufes in one axis and ten minutes in the other
axis. The radiometer was capable of detecting energies in small band-
widths throughout the eleé;romagnetic spectrum from 0.3 microng to. 3.0
microns. Bidirectional reflectance data and variations in the data
with source angles were obtained for Saint Augustine grass, Bermuda

grass and a black alluvium soil from the Mississippi River delta.



CHAPTER I
INTRODUCTION

Remote sensing of agricuitural and other earth resources

involves the detection of electromagnetic energy that is

reflected or emitted from the complex assemblage of

biological, geological, and hydrological features at the

earth's surface. The data obtained can be neaningfully

interpreted and processed only if we have a fundamental

understanding of the energy~matter interactions at the

earth's surface that account for variations in the

quantity and quality of radiation recorded by the air-

and space-borne sensors. This knowledge also is ‘

necessary for us to derive new applications of existing

remote sensing systems and to design new systems capable

of sensing and recording gotential,and predictable

differences in data. [1]

There are a number of basic problems which face the researcher
involved in remote sensing. One of the most troublesome of these
problems is how to automate the process of data interpretation.':This
is an especially challenging problem when the remote sensing data
is to be used as a tool in identifying objects such as plants or soil
types from a natural scene. Fundamentally, this problem arises
because of the large number of variables which affect multispectral'-
data received by remote sensing. These variables may be divided into
several groups based on their origin. They are effects of the
environment, changes in the surface characteristics of the objects

sensed, and variations in the instrumentation and methods used to do

the sensing. Any information or technique which would help to eliminate

Numbers in brackets designate references listed in the
Bibliography. '



or better understand these variables Qould be of great value tolmahy
remote sensing projects by helping to speed up the data interpretation
process or by helping improve the accuracy of object identificétion.

Presently, two techniques are generally used‘to overcomé the
- problems arising from the many variables affecting the data. One
technique is to find a unique characteristic in the reflectance data
for each plant or object type which is to be identified by remcte
seﬁaing. The uniqueness of this characteristic must be such that it
is always present in the data regardless of the dhanges in the environ-
ment, the object, or the sensing system. Obviously, this ié rarely
possible; however, a uniqﬁe characteristic in the reflectance data
which is always present with feasonable.variatibns of many of the
variables can aften be found‘for certain objects.

Another technique whiéh is almost always used involves the taking
of groundltruth measurements. In this case spot checks are made, aﬁ&
plant and soil types are identified by inﬁestigators on thé ground
within the area covered by each scan. This data is then correlated
with the data received by the remote sensing detectors.‘

In general, both techniques mentioned are used similtaneously in
order to get good results in interpreting miltispectral remote sensing
data. However, this method is limited both in the accuracy of the
results obtained for many applications, and in the amount of time and
money required when making ground truth measurements.

Another approach which could be used to interpret'multispectral'
rémote senéing data is to idenﬁify the many variaﬁlés‘and thé éffects
they have on the data. By computerizing this information and having

available standard spectral curves for normal values of the variables

o ——



for each item to be identifigd, either ground truth measurements could 3
beleliminatgd or minimized and/or greater accuracy in data interpre-
tation could be made. The identification prpéess could theoréticaiiy
be completely automated using this type of aﬁprbach provided enough
information were known aﬁd one had a large enough computer‘capacity.
Regardless of whether one automates the process or not, any information
which can bé generated that will identify the effects of variables on
the data obtained by remote Qensing techniques will help in the data
identification process. |

In order to'help collect this type of information, this research
deals with a method fof taking reflectance and emittance data from
natural objects under natural conditions in a manner which will allow 
the effects of many of the variables to be:determined; There were
several objéctives of the resgafch as described ﬁelow;

The first objective was to formulate a method of taking reflectance
data from natural surfaces in the natural envifonment in a manner that
simelated data taken from aircraft while reading from a constant and
consistant surface, Tﬁe second objective of the study wag to design;
build, and test the equipment needed. The third objective of the
study was the taking of data and determining the effects éf at least
one variable on the data. .In particular, the data taken concentrated
on the effects of the solar or source zenith.angle on reflectaﬁce data

in the wavelengths'range of 0.3 to 3.0 microns.



CHAPTER 1T

LITERATURE SURVEY

A literature survey was taken df past investigations made to
determine reflectance and emittance proéerties of natural surfaces. The
survey revealed that most of the work dome prior to 1950 was generated
in an attempt to determine the albedo characteristics of the earth in
order to better understand the energy exchange between the earth and
the sun and in particﬁlar its‘effect on the field of mgteoroiogy.
Because of this as well as the nature of the sensors used, these éa;ly
studies generally concentrated on total reflectance of Eroéd formatibns
on the earth such as land, water, snow, or clouds.

With the rapid advances ma&e in electronics and sensors after
Wdrid Wér II, investigations of the reflgctance and emittance properties
ﬁf natural surfacés increased exponentially. These later studies were
made for various reasons and applications; however in general, they
tend to be more discriminatory in separating the properties of the many
different types of natural surfaces. Because of the massive number of
studies made in the past few years, no‘attempt was made to review all
of the investigations made after 1950. However, selected studies were
reviewed thoroughly in two areas. One area reviewéd was attempts made
to understand the effects of the many variables involyed in making
zefleétance and emittance réadings”of_natural surfaces from aircraft.
{(remote sensing). A second area reviewed was e#perimeﬂial appraaches_-

used to obtain this type of information, A survey which details the



. techniques presently available for use in taking remote sensing data

from aircraft and satellites is given in Appendix A.

Historical Survey 1900-195d

Coblentz [2, 3] near the turn of the century appears to have made
the first pioneering studieé on the reflectance of natural surfaces.
His studies were made of the reflecfance and emittance of mineral and
inorganic surfaces in the infrared region from 1 to 8 microns., His
studies were made under laboratory conditions using a-pyranometer
which he helped develop and which was used by Aldrich {4] and
Angstrom [5] as well as others in later studies. The pyranometer is
basically a radiation measuring deﬁice._ It consists of two sets of
metal strips on the back side of which thermoelectric junctions of
copper-constantan are fastened. One set-of strips is painted black,
and the other set ig painted white. The thermojunctions are connected
to a gélvanométef. The deflection on the galvonometer which is
recorded is assumed to be proportionai to the radiation intensitf
recéive&'on the metal strips. The stripé weré usually covered with a
glass case for protection and to eliminate radiation in the far infrared.

Aldrich [4] in 1919 with the help of the U. S. Army Air Corps
éarried a pyranometer aloft in a balloon to make refléctance measure-
ments of clouds. The ballooq was manned, and the pyranometer was first
held to point towards the sun and then down towards the clouds. |
Interestingly, wires were run from a galvonometer on the gréund to the
.pyranemeter held by the occupént in the balloon.

0'Neil [6] in 1923 tried to assesslthe effect of soil mdisture
content on the color or refieétance characteristiés of soils. His

method consisted of taking a series of black and white photographs of



s0ils under different moistﬁre conditions and comparing them vigually
with standard tone shades qf gray from white to black.

Angst?om {5] in 1925 used a pyranometer to measure the reflectance
of bare ground, grasses, trees, snow and water. In his studies he
also showed some of the effects of solar angle and water moisture
content on the reflectance readings. He used a filter over the
pyranometer to obtain some spectral effects. His measurements were
made in natural light with the pyranomefer mounted on a tripod approxi-
mately one meter high. He also used photograﬁhy and tone comparisdns
in his studies.

Richardson [7] in England in 1929 used a device he called a phéto-
meter while flying in an open aircraft to measure the albedo of clouds,
woodé, and ﬁasture lands. The photometer was a visual deQice‘as shown
‘in Figure I1-1 [7]. With this device the albedo or reflectance was
measured by the ratio of the area of the iris 6penings required ﬁo get
the same brightness at the screen, Spectral effects were obtéined by
using.red, green, or blue filters at the scréeh. ‘Richardson also
éuggested using such a device'from a tower to monitor seasonal changes

of the albedo.

SKY WINDOW |

at—

E EYE
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FIGURE II-1. SCHEMATIC OF PHOTOMETER



A classical investigation éf the reflectaﬁcg of natural surfaces
was made by Krinov [8] in Rﬁééia beginning in 1932, His studies
apparently continued untii ﬁorld War II but Qefe not pﬁblished until
1947. The first English ﬁublication was not made until 1953. Krinov
took some 10,316 spectrogrgmé during his study and reported on the
spectral reflectance of 370 natural 6bjects. His investigations
covered the wavelength region from 0.4 to 0.9 microns. He took his
spedtral data every 100 Angstroms. His data-inciuded.the effects of
both solar and viewing zenith angles on the reflectancés.

Krinov's technique of obtaining data was ﬁasgd on taking, what he'
called, a spectrogram of the natural object and then taking a spectro-
gram of a stan&ard surface of magnesium oxide, Theltwo spectrograms
were then compared to get the reflectance. His spectroﬁhotometer was "
mounted on a triped above or to the éide of the objeéta: A spectfogram
" as made by Krinov.was basically a photographic strip taken on'bla;k
and white film of the radiation intensity of the surfacé'béing_
investigated. The strip was obtained by making intensity ieadings at
different wavelengths. | | | |

An instrument called a pyrheliometer was used in the)late fortieé
and fifties by Eﬁglish and Aﬁerican investigators. This 1nstfument wag
in essence simply a refinement of the pyranometér used earlier.

Fritz [9] in 1947 used two of these devices to measurekalbedo over the
United States. One instrument was mounted in a B-29 pointing upward,
the other pointing downward; A flight across the éountry was then
made at 10;000 feet. WNeiburger [10] in71948 made the saﬁe type af

measurements using a blimp. However, he also investigated the effact



of solar zenith angle on the albedo of the sea. The pyrheliometers
used in these investigations measured total intensity in the wavelength
range of 0.3 to 2.5 micrens.

Survey of Technigques

The following is a survey of many of the experimental techniques

which have been used in the past‘twenty years to collect data under

natural conditions. They show the effects of the many natural variables

on the radiation intensity received from a natural object when viewéd
with a remote sensing device. Colwell [11] in a study suggestad that
 the following types of platforms could be used for sensors in such
investigations:

1. Tripods and platfqrmg used for taking phgtoéraphs;

2. Earth surfaées such as buttes, qliffs, and bluffs;

3. Towers, ladders‘J boom suspensions, cranes, etc.;

4. Dirigibles, balloons, ﬁelicopters;

5. Fixed wing aircraft.
All of these have been used as platforms for remote qensing‘of natural
cbjects in recent yearé. |

~ Ashburn and Weldon {127 in 1955 made reflectance measurements of

_dessert terrain in the 0.4 to 0.65 micron regioﬁ using wﬁat they called
an élbedometef. The albedometer was mounted on a platform two meters
above the terrain for most measurements. However, some tests were
made with the albedometer suppofted by a helicopter 300 meters above
the terrain. Some effects of the solar zenith angle on the data were
noted. The albédometér cénsisted of a photomultiplier.tube.ﬁounted

in the side of a integrating sphere with an entrance aperature. The
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exact field of view of the device was not given, but from the
description of fhe equipment it was probébly BOO or greater.

Graham and King {[13] used a Eppley pyrheliometer and a Kipp
sqlarimeter td take reflectance‘readings‘froﬁ é field_of maize over a
period of 17 days. The pyrheliometer was mounted on a'building 900
meters from the corn field and was used to measure the.incident
radiation; The solarimeter was mounted two meters above the corn
plants and used to measure the reflected radiatioﬁ. Natural variables
ﬁoted in the study included plant.maturity, solar zenith angle, and
soil moisture content. |

Boileau and Gordon [14], and Gordon and Church [15] in 1960
presented data on the directional reflectance of snow and water for
various viewing and solar zenith angles. Their data ﬁas made with a
teléphotﬂmeter cérried on board an aircraft while flying ove;‘large
areas of the earth covered with snoﬁ or water. '

Winkler [ 16] made a study to detefmine the variablés afféqting
soil color by taking photographs of test samples‘in natural light froﬁ
a héight of threé feet. His film response was from 0.4 to 0.9 microns.
He concluded thét soil color is determined by original soil color of
the glgcial drift, moistufe conteﬁt; and the amount of organic matter

_in the soil, Light soil tends to Be well drained with coarse graians;
whereas dark soils teﬁd to be finely grained with a higher water ;ontént.

Carneggie [17] used a Barnes Engineering Thermal Infrared camera
to make studies of the emissivity of objects in the 8-14 microq regioﬁ.
Thié device has a photograpﬁic type of ﬁufput;‘however, the image ié
produced by the use of electronic infrared sensors, For these studies

Carneggie mounted his instruments atop Glacier Point and made readings
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of the valley 4000 feet below, He also made readings from the platform
area of a 150 foot water ﬁow¢r. His recordings were made ovef #wenty-
four hour spans and used to show the diurmal temperature effects of
var;ous natural and manmade objects. The inteﬁsity readings made were
of the total energy emitted in the 8-14 micron region,

Mcciellan, Meiners and Orr [18] made 250 reflectance curveé'of
plants in the field and in a greenhouse. These measurements were made
in the 0.4-2.0 micron region in a spectral manner. The equipment used
was a spectrophotometer to record the data and a-tungsten.lamp as a
source rather than the sun. All the equipment was housed in a light
tight box which was fitted over the test plot to be studied. The
field of view of the equipment was a'six inch diameter circle;

Watson [19] and Howard, Watson and Hessin [20] looked at the
reflectance of rocks and tree leaves in a spectral mannér through the
wavelength range of 0.4 to 1.5 microns. They took data both in the
laboratory using a spectrometer énd_in the field; Data taken in the
field was taken with an ISCO spectroradiometer with a fiber optic head.
ﬁeésurements were taken with the probe held at a height of 2-5 feet
above the rock surface or leaves to be studied. Reflectance was
'obtained by cﬁmparing these readings with readings taken from a
staﬂdard surface of Fiberfrax. The field of view of the instrument
was 30°. Measurements made of the rock éurfaces were made at different
observation angles but due to the large field of view of.the fiber
.optic head the results obtained showed only genefalizéd trends.

Chia [21] made measurements of the total reflectance of soils and
crops in a tropical regioh By using two Kipp solarimeters mounted on

top of a 20 foot irrigation pipe held vertically. One solarimeter was
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pointed down and the other pointed up. The effects of moisture COnfent,
crop height, solar zenith aﬁgle.and clouds were noted.

In the late 1960's and extending to the present time, a number of
unique and_intefesting techniques have been used to fry to look at
consistent areas of natural surfaces under varying'natqraI'conditioné.
in order to document the effects of natural variables on thé !
reflectance data which it is now possible to take with airbprne-sensing
devices (see Appeﬁdix A). Several of these studies ﬁfe those under-

taken by Salomonson [227, and Salomonson and Mariett [23, 24].‘ Their
studies involved the use of an airborne scanning radiométér which
recorded total reflection readings in two bands. Tﬁe radiometer used.
was a slightly modified version ﬁf the Nimbus FLBIradiometer. Thg
bands used were 0,2-4.0 microns and 0.55-0.85 microns. The field of
view was 50 milliradians. A silicon cell pyranometer was used to
record inecident solar_intensityp Sites énd natural éuffaces chosen
for study were such that the area flown oQér by the aircraft was
constant in composition. éurfaces stuﬁied included clouds;-snow, white
gypsum sand, a dry lake bed, prairie grass, a swam_i) area covered with‘r
consistently dense vegetation, an& the ocean. Based on the data taken,
bidirectional reflectance (see Figure A-5) versus solar zenith angle,
radiometer viewing angle and relative azimuth‘éngle between the‘solar
and radiometer plane was plotted for several of thé surfaces. It was
noted that the bidirectional ?eflectance of natural surfaces under
natural conditions is anisotropic. |

Suits and Safir [25].at the Univefsity of.Michigan have recénflf
compieted a.study of the effects of canopy structure 6n fefledtance

measurements. They used a ISCO spectrophotomefer in their field tests
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which were made in a corn patch. The spectrophotometer was mounted
- on a cherry picker approximately ten meters above the field; The
field of view of the instrument was twenty degreeé. Reflectance was .
obtained by first reading from the corn field and then reading from a
standard reference gray Lambertain panel mounted on the cherry-pibker.
Spectral data was obtained for a ﬁavelength range of 0.4 to 1.1 microns,
Lyon [26] and Lyon and Pafterson [27] in sfudies to try to‘identify
rock types by their spectral emissivities in the 8-13 micron range
built a mobile field laboratory carried oﬁ a thfee—fourths ton pickup
truck. The laboratory was powered bg a gasoline engine ariven
generator. The optical heads of their radiometer and spectrometer
were mounted on a tripod which could be moved up to one hundred feet.
from the vehiclé which contained all the electronics in a cﬁntfolléd
environment. The tripod held the optical heads approximateiy three
feet abqveréhe rock surfaces to be studied. The field of view‘of the
optics was not gifen. Eﬁissivities were obtained by comparing the
readings made to the irradiance éxpected if the rocks were black bodies
at the temperature measured, It was hoted from the study that the
emissivity of all rock surféces approached unity as the surface
became rougher. | |
Yost [28] in making field studies of the effect on the spectral
signatures of trees by the mineral content of the soil used a pqrtable
" spectroradiometer mounted on é cherry picker. Due to the height limi-
tations of this device much of his data was taken‘by lookiﬁg at the
side of the trees. Later he mounted.a 40 foot periscopé tower with a

mirror at the top of the back of a truck. The radiometer was then
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mountedrat the base of the_téwer and readings were made from thé.
mirror surface,

Miller and Pearson [29] made a spectral refléétaﬁce study of
grasses, geologic material and road materials under natural conditiohs.
Theif techniques of gathering data consisted of using an EG&G 580-585
sﬁectrbradicmeter. This instrument is ¢omp:ised of a reflectivel
telescope Qith a variable field of view from 7.5 minutes to two degrees,
a monoéhromator housing which accepts one of three gratings to cover
the spectralrregion from 0.18 to 1}6 microns, two photomuitiplier
detectors with 5-1 and 5-10 sensitivities, a readout unit which contains
a six decade low level‘current‘amplifier and a readout meter. A one
meter fiber optics probe is also available to repléce'thé telescope.

The spectroradiometer was mounted ingide a small 1§bqrapory trailer
which could be coﬁnecteduto a truck or jeep and moved on location for
field measurements. . The trailer had a small opening in thg‘sidé
through which the instrument could be sightéd to read dat# from a
folding mirror mounted on a triéod. Although the radiometér ha&-a

variable field of view in discrete stebs.between 7.5 minutes and 2

- degrees, the useful field of view in this study was limited by the gize

of the folding mirror which was 15 cm. and by the distancg between
the radiometer and the mirror, | |

In recent years much wo;k has been done at the University of
Michigan and Purdue University in develoPing a multispectral scanner
‘and technidue whgreby plants.and soils can be identified from low
flying aircraft with all vgriables present, The operation of the
multispectral scanner 1s given in séme detail in Appgndix A, The

technique used for identifications is based on’ comparing the intensity
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levels recorded in each‘channél or bands of the eiectromagnetic.spéctrum
to find a unique combihatién for each item to be identified. Giound.
truth data is collgcted or standafd spectral signature curves ére used
to determine what items correspond to what intensity'lévels._'The
identification process is done by computer and has given results with
eighty percent accuracy.

‘Marshall, Thomson, Thomson and Kriegler.[BO] used the Unifersity.
of Michigan multispectfal scanner and éround truth measuremenfs tﬁ
distinguish and map winter wheat in an agricultural area near
Lafayette, Indiana in 1969. A study by Earing and Giﬁsberg £31] was
made at the same time to predict using a library of standard multi-
spectral signatures the probability of wheat detection.  Maturity of
plants, time of year, altitude and background effects were studied tor‘
determine their influence on wheat ;ecogﬁition. Taqguay; Hoffer and
‘Miles L32] made a similar study at about the same time paing a multi;

spectral scanner for mapping of engineering soils., This study

indicated the need for additional research to quantify and predict the -

spectral énd thermai properties of soil types and textures under
various conditions of moisture and irradiance. Andther stﬁdy to ﬁap :
true islands, sawgrass, grasslands, spikerush grasslands and water
using a multispectral scanner was made inlalportidn'of Everglades
National Park by Kolipinski, Hizer, Thomson and Thomson [33]..

Studies on the Effects of Variables

There have been a number of other studies made with the ekpressed
intent of studying the effects of variables on the reflectance readings

or the emissivity of natural objects. These studies weré surveyed
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and are 1is£ed not so much for tﬁe téchniques with which they
collected data but for the data they present on the variables.

Block [34] obtained the emissivity of several soil surfaces versus
wavelength and grain size. His studies covered a wavelength range of
2.0 - 5.0 microns. Brettner, Kern and Cronin [35] used a Barnes IT-2
IR Thermometer to take emissivity values of mineral surfaces versus
’ waveleﬁgth for various témperatures. Most of their data was taken in
the 8 - 12 micron region and wés taken in a directibn normal t§ the
mineral surfaces which had been polished. |

Lyons [26] in 1965 presénted data which contained 330 normal
emittance, reflectance and transmittance spectra of rouéhgned fock
and ﬁineral surfaces. His data was taken from 8 - 25 microns with a
‘Perkin~E1mer.Mode1 112 single beam spectrometer. He heated his samples
in a furnance?.then directed the irradiance from the testrsurface to
his instrumenf with mirrors. He showed the effects of temperature,
surface roughness, and particlé size on the spectral emittancés of the
samples, |

Cates and Tantraporn [36] studied the séectral reflectance of
deciduous trees and shfuﬁs in the infrared region of 1.0 - 25 microns.
The study was done in a laboratory by reflecting the irradiance from
a Globar source from picked leaves to an inffared spectrometer.
~ Several different angles were used between the source and the samples.
The reading angle used was nbt given in the report. |

Other variables studied were the effect of leaf maturity on the
reflectance spectra of cotton planté in the 0.5 ~ 2.5 micron region by

Gausman, Alleﬁ, Cardenas and Richardson [37], and also the effects of
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water vapor in the air on data taken in the infrared_region, 8 to 147
microns, by Oshiver, Stone, Clark and Besberian [38].

Several 1nvest1gators have made computer models of the atmosphere
to calculate the effects of atmﬁspherlc variables. Rose, Anding, and
Walker [39] made a model to calculate the gffects of the atmosphere
on radiation transfer in the 1nfrared reglon from 1 to 30 microns.
Turner, Malila and Nalepha [40] also have made an atmospherlc model
to show the effects on radiant energy transfer in the 0.4 to 3 micron
region. Their model was used.to compute irradiance, path radiance{‘
sky rédiance, transmittance,,contrést transmittance in a cloudless sky
for various solar angles, viewing angles, altitudes, surface reflec~
tances and haze‘conditions;‘ |

Hisim [41] in his study at LSU showed the éffects of various
trace gases and pollutants on the transmissivity of theratmosphere fbg
different particle counts of the trace gases. His data was taken :
spectrally from 0.3 to 15‘micrdns.l

There have beén many studies on the effects of angularlvéfiations
on the data received by remote sensing., Hapke and Van Horn [42] in
1962 made measurements in the laborétory on ﬁany types 6f powered rocks
and mineral surfaces at different viewing angles. They used a lamp
with a S-6 spectfai output as a source and made total directional
refiectance measurement s inlthe vigible region. A surface coated witﬁ
magnesium oxide was used as a standardf The source anﬂ viewing
instrument were kept coplanar but the angies of both with'respect to .
the test surfaces were varied.

Shoékley, Knight and Lipscomb [[43] made 1aborafur§ tests uging a

Perkin-Elmer Model 221 Spectrophotometer to get the effects of grain
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size, moisture content; density,rsoil type and angle of incidénce on
reflectance and emissivity propértiés. A carbon arc light source was
used. Measurements were made at 1.4, 1,75, 1.94, 2,15, 4.0 and 4.5
microns. |

Chen and Rao [44] made a study.using a similar ;echniq#e on desert
sand, wﬁite sand, goil and water. They took data at 3975, 5000 and
- 6050 Angstrons. The.bandwidth of the radiation sensed was 150
Angstrons, Their study included polarization and reflectance effects
resulting from various combinations of angle of illumination,‘angle.
of observation and relative azimuth betwéen the SOﬁrce #ﬁd the viewing
instrument. Stockhoff and Frost [45] made a similar study showing the
influeﬁce of viewing angles, solar angle, percent moisture con;ent,
soil type‘aﬁd particle size on the reflectance and'polarization effect
of soils,

Coulson [46, 471, aund Couiéon, Bouricius and Gray [48] made‘
hemispherical maps showing the directional reflectance of soil as a
function of viewigg ahd illumination angle. Thgy used varioﬁs-soils
and sand as their test surfaces. Measurements were made at wavelengthé
of 0.49, 0.64 and 0,80 microns in a laboratory. An incandescant light
source was used. A standard surface was made from an aluminum plate |
 covered with antimony oxide paint and then coated with a 2mm layer of
magnesiuvm oxide smoke.. The size of the ﬁiewing drea on the sampleé
was 10 em. This study outlines very well the dependence of reflecfed
:radiation on angle of incidence, azimﬁth and elevation angle as well

as wavelength and the physical state of the surface.
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A Russian paper published in 1971 by Hodarev, Dunaev’, Rodionov,
‘ Serebryakyan, Tchesnokov and Etkin [49] presents reflectance data
for many natural objects forrvarious sun anglés, time of year, wave-

length and vegetative phases. The techniques used to collect this

data are unknown.



CHAPTER III

TEST PROCEDURE

A-géneralized test procedure was developédlin ofder to meet the
objectives outlined iﬁ Chapter I. The first step in this proceQUre
was to decide upon a practical andrinexpensive technique which coﬁld
easily be used for taking reflectance and emittance data in the naturai
environment. A consideration in designing the technique to be used
was that it simulate airborne techniques with the ma jor exceptioﬁ
being that the same test plot could be viewed oﬁer a long period of
time. Since the use of this teéhniéue was gsuch that the sensing sysfem
and the surface viewed were constant, the only variables affecting the
data'takéﬁ were the variables of the natural environment such as solar
zenith angle, solil mbisture content and atmosbheric conditions,_ Byl .
taking enough data err a'period of time, the effecfs of these
variables on the reflectance and emittance characteristics of natural
surfaces in a natural environmenf can be determined with thé technique;
Since the tiﬁe, money, and effort required in order to take enough
‘data to'completely separate and identify the effects of all the possible
variables in the natural environment on reflectance and emittance data
was prohibitive, this research concentrated on developing and testing
the technique and equipment which was désignéd.

The method developed for.taking data is shown in Figure III-l
(also sée Reference 505. VThe sun is used as the source. The test
plot can be any large area of consistent vegetation or soil. The“

balloon is helium £filled and must contain at least 1000 cubic feet
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of gas in order'to‘produée enough 1ift to be stable and to carry the -
'folding mirror aloft. The balloon was held stationary bflthree steéll
cables. The folding mirrdf+was'also held stationary by three lighter
weight steei cables and was the surface from which the spectroradiometer
recorded the intensity of the energy being reflected of emitted from -
the test surface. The spectroradibmeter was moﬁnted on the back of a
truck and was used to coliect and record the data, The spectro-
radiometér could also be mounted in a small mobile trailer or covered
van for a more protected environment.

There are several advantages to using this type of method to.
collect information on the effects of parameters in the natural eanviron-
ment on thé reflectance and emittance of natural surfaces. When
comﬁared-to labofatory techniques used to determine the effects of
hatu;al variables, the method as-shown in Figure III-1 allows all the
variables to be studied as they really are and not'simulatéd. The
. balloonlmifror technique also allows a constant plot to be viewed,ovef
a long period of time. Another advantage is that a'large surface area
is viewed while still maintaining a small #ngular field of view.‘
Therefore, individual surface irregularities are prevented‘from_haviqg'a
significant effect on the reflectance readings made, but angular
characteristics of the data are still maintained. The technique
described also simulates very closely the taking of data from an
aircraft. This is an advantage since the data oﬁtained with this
technique can easily be correlated with the information received from
airborne remote sensing techniques. The balloon/mirror method has the

advahtage<offbeing able to vary many of the parameters involved in

+ The mirror itself does not fold but instead folds the opﬁical
path of the radiation. :
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taking remote sensing data such as solar zenith angle*, viewing angle*,
relatiye.azimﬁthKangle*, resolution and air column length'withoﬁt
major difficulty. Finally, the overall costs involved with ﬁhis
teghnique are minimal,

The ballcon/mirror technique for taking reflectance data has
several disadvantages. First of all, a 1afge first surface reflector
apprdximétely one-half the size of the plot to be viewed is required
since the mirror is positioned approximately half way between the
apectroradiﬁmeter and the test plot. The spéctroradiome;er migt be
portable and either be protected or must operate satisfactorily in the
natural elements. The problems associated with field spectro:adi@meters
are well outlined in Reference 51, The mwirror must also be-étabilized.

The balloon/mirror system as such is rather difficult to launch and

operate. The mirror height is limited since the cable weight and landil

size required for launching the system increases aé the mirror height -
is increased,

| The second major step undertaken to meet the stated objectives
‘was to build.and test the equipment involved in the balloen/mirror
technique. The first item developed was the spectroradiometer. This
item is described in Chapter IV. . Since the effects of the parameferé
in the natural environment on the irradiation from natural surfaces
is a function of the wavelength of the emergy, the spectroradiometer |
waé designed to collect data as a function of wavelength. Coincidental
with the development of the speciroradiometer, the balloon/mirror

system was designed, built, and tested. A discussion of the results

See Figure III-2 [24] for definition of these terms.
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of this woerk is giﬁen in Chapter V. Other éomponents involved in thg
technique wefe then built and tested as ouflinedlin the first p;;t
of Chapter VI,

The third step in the study was the taking of data; Thia‘ﬁas
accoﬁplished by three different methods. The first two methods were
derivatives of the balloﬁn/mirror technique and were'uaea for a |
comparison to the balloon/mirror technique. The first set of
reflectance data‘wa§ taken in the laboratory. The spectroradiometer
and a folding mirror mountéd on a poftable platform were uged. A piot
of grass contained in a gshallow pan and a soil sample were tested.
Readings from a standard surface were used to compare witﬁ readings
from the test surface in order to obtain reflectance. Variations in
the refleétance'data with different sﬁurce angles wasrobtained by .

. accurately positioning the source at various zenith anéles to the test
plot and makiﬁg readingsf - Data was t#ken in the épectrgl region from
0.3 to 3.0 microns. A 150 watt light bulb and a 500 watt éhotolamp"'
were used as energy sources. In order to narrow the study, the only
parameter varied was the source zenith or incident angle. The ﬁiewing
or radiometer zenith angle was 15 degrees. The relative azimuth angle
betweean the sﬁurce zenith plane and the viewing plane wés zero. The :
resuits of these tests are given in Chap;ef VI.

A second set of data was then taken in the field with the spectto-
radiometer and thé folding mirror on the portable ﬁlatform. This.
data was taken in a manner as close ag possible to that used in the
laboratory tests. The major differences were that the sun was used_
as the source and the data was taken in the natural environment; A

test plot of grass and the same standard surface as used in the

A n i i
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laboratory tests were utilized in the field teSts} The relativé
azimuth aqgle between the solar zenith plane and the viewing plane
was kept as swmall as possible.

A third set of data was obtained with the balloon/mirror system.
For this data the standard surface was not used. Data was taken
from the same grass surface as used in the previous tests. The results
of all the field testing are presented in Chapter VII.

The results of each series of testé were-analyzéd hefore fhe next
tests were made and in this way the limitations bf each method were
found as well as the best procedure to be used for each of the three
methods. Chapter VIII contains a brief summary of the work accomplished

for the investigation and the conclusions that were made.



CHAPTER IV

SPECTRORADTOMETER DESIGN AND CHECKOUT

;n order to coliect'the d;ta required to meet the objectives of
fhe research as outiined in Chapter I, a spectforadiometer was de-
signed aﬁd built. The equipment available for bﬁilding the spectro-
radiometer included a Celestron 8 telescope to be used as an energy-
collecting device and a Perkin-Elmer Model 99 ﬁonochromator to be
used as a wavelength and bandwidth selecting device. lA guideline used
throughout the design of the spectroradiometer was that the sysfem
be responsive to radiation within the wavelength range of 0.3 to 15
microns. However, a cooled thermocouple detector which would be
‘responsive to energy in the 3.0 to 15 microﬁ region was not availablé:
for the study, Therefore, the data taken was_limited to the 0.3 to
3.0 micron region. | | |

' The spectroradiometer design can be divided into three main -
systems. Theée are the optical, electrical and mechanical élements
of the device. .A description of each of these elements is givén in
the following discussion, The calibration and checkout procedure
used to determine the capabilities of the spectroradiometer are also

discussed,

Radiometer Optical Design

A basic block diagram of a radiometer is given in Figure IV-1

below. The focusing device and the wavelength selector contain the

COLLECTOR

ENERGY—>] rocroms 1" st soror. [—oETEcTORS|—>{ampLiFiErs}—{recomoen]
DEVICE

Figure IV-1: Radiometer Block Diagram
26
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opticé'used in the radiometer. A-sbhematig ofﬁthe optics used for
collecting and focusing the radiation is-shbwn in Figure IV-2.

An eight inch telescope made by Celestron-Pacific was modified
and used for collecting the energy being reflected or emitted from a test
or standard surface. The telescope had a Schmidt-Cassegrain lens
system. The primary mirror is concave, eight inches in diameter,
and movable with respect to the secondary mirror which is fixed.
Movement of the primary mirror is the technique used to focus'tﬁe
system. The secondary mirror is two inches in diameter‘and is convex.
The image formed by these two mirfors is focused near the e*it to the
telescope as shown in Figure IV-2. - The affectiﬁe Cassegrain focair'
length of these two mirrors as positioned in the teleécope is two meters.
The near focus of the telescope is 25 feet. The field of view is 15.2
inches at 100 feet when the image is focused slightly outgide the
drawtube.

The telescope was modified in several regpects. First of all th;
ocular or eyepiecé'was.removed. Also, the Schmidt lensg in whicﬁ thé )
secondary mirror was mounted was removed to allow measurements to be.
made in the infrared region. Therefore, é new holding device for the
secondary mirror was designed and built. A photogfaph of the holde;
is shown in Figure IV-3. The final modification to the telescope
wag an iris or restrictor placed inside the drawtube. This iris had
an inside diameter of one-half inch. The energy recei#ed by the -
telescopé was focused at the iris. The iris helped to reduce slightly
the diameter of the beam of light received by the third reflecting
gurface of the optical system and also made the size of the image formed
at the entrance to the monochromator more compatable with the size of

the entrance slit.
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The most difficult task in the optical system was designing the
mirrors used to take the energy received from the telescope and focus

it on the slit opening of the monochromator with as little loss in

intensity as possible. The slit opening to the monochromator is'iz ,

millimeters in height with a maxitum opening width of 2 miliimetefs.
The internal optics of the monochromator requires that the_extréme
aperture be £/3.5 and the effective aperture be £/4.5 of the incoming
electromagnetic energy beam. Of the many design possibilities the

optical arrangement shown in Figure IV-2 was chosen as the one which

could be used to best match the monochromator optics with a minimum loss

of beam intensity and which had the smallest off-axis angles.
A four inch diameter councave mirror, M3, with a focal length of

0.55 meters is located 34 inches from the focused image formed by the

telescope. This mirror was built by the Oriel Optics Corporation and

consists of pyrex glass, vacuum deposited with aluminum with an over-
coat of silicon monoxide: The surface is spherical to an accuracy of
one-fourth wavelength of visible blue over 80 percent of the diameter.

r

surface) 18.75 inches f:om‘Mj. It is built of the same materials and
to the same accuracy as-MS. It has a thickness of one-fourth inch.
It was built by the Dudley LeRay Clausing Company.

A 2.0 inch diameter concave mirror, MS; with a focal lenth of -
0.25 meters isrlocated 7.5 inches from the slit 0p§ning to the mono-
chramator. It was.also built by ;he Dudley LeRay Clausing Company of
the same materials and to the same accuracy at M3 and ”4‘

The image formed by the telescope at the iris is demagnified by

the focusing optics by a factor of 0.384. Therefore, the image formed

M, is a 2.6 inch diameter flat mirror. It is locéted {surface to

3o



at the monochromator entrance has a diameter of 4.87 millimeters. The
aperature of the beam entering the monochromator is 4.9. The projection
of the image focused on the slit entrance is as shown in Figure IV-4.
Therefore, the energy looked at by the monochromator from a test plot
200 feet away is that received from a strip 11.7 inches wide. This
roughly corresponds to looking at a plot or strip of‘ground SOlféet
wide from an altitude of 10,000 feet.

A Perkin-Elmer Model 99 double pass monochromator was used as the
wavelength selector. The optical path of the monochromator is giﬁen
in figure IV-5, .Light or electromagnetic energy entering thé ehtranée
slit, Sl,_is collimated by the 21 degree off-axis paraﬁoloid, M1, on
the prism, PR, After one refractipﬁ the beam is reflected by th?
Littrow mirror, M2, for a second refraction by PR. The returning beam
is broﬁght to a focus by Ml between the two halves of M4 afte;'re-'
flection from the small diagonal mirror, MB.. M4 reflects the. beam
back through the system, slightl} displacéd so that, after a second
traversal through the parabola-prism-Litteow system, it is brought to a
focus on the exit slit, 82, after reflection from M5.

The monochromator is designed to operate in a range extending
from thg ultraviolet to 15 microns in the infrared region. However,
it is necessary to iﬁterchange prisms when operating over this entire
range. For that reasom a fused silica ﬁrism with an apex angle of 50
degrees was used through the wavelength range of 0.2 to 3.0 microns.
A NaCl 'prism with an apex angle of 60 degrees must be-used throughoﬁt
‘the infrared region from 3.0 to 15 ﬁicrdns.-

Wavelength control is obtained with a wavelength micrometer drum

which controls the movement of the Littrow mirror. The drum is graduated
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in 2400 divisions. Each division repreéents 16.1 seconds offLittrpw ‘

rotation arc. Total arc movement is 10.7 degrees. 1In addition, there
is a fine screw on the Littron mirror mount which permits 18 degrees of
motion from any arbitrary initial setting of the mirrot. The shaft of
the wavelength micrometer extends through the back of the monochrpmator

to permit motor coupling for automatic scanning of the spectrum. .

Electrical/Electronic Design

An overall schematic of the electrical/electronig components of
the radiometer is given in Figure IV-6. Each component shown in the
schematic is described in the following paragraphs. The numberé shown
in tﬁe schematic refer to the cable numbers which connect the coﬁpgnentsf
These cables were purchased from the Perkin—Elmgr Company.

The energy exiting from the monochromator is focused onto déﬁ
“tectors which convert the electromagnetickene;gy into an electrical
signal, Two detectors were required to cover the waveiength range in
which measurements were made. | |

A RCA 1P28 photomultipliér tube was available for measurements in
the wavelength.range of 0.2 to 0.68 microns. The tube is a nine-
stage side-on type with an S-5 spectral response. Power was supﬁlied.
to the photémultiplier tube at a regulated voltage of 900 volts D.C,
from a Perkin-Elmer photomultiplier power supply, Mbdel‘numbér'112-0038.
The tube was mounted in an external mounting assembly in the side of
the monochromator. The external assemBly {Perkin-Elmer Mbdel 012-0180)
contained a quartz condensing lens with a focal length of 59 millimefe?s,
for focusing the energy on the tube, 7

A leaé sulfide detector (Perkin-ﬁlmer Model 012-0353) was used in

the spectral range of 0.69 microns to 3.0 microns. The unit was housed
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in.an assembly (Perkin-Elmer Model 099-0019) mounted at the exit slit
of the monochromator. The housing assembly includéd an ellipsoidal
mount for focusing the energy on the cell unit. The cell‘was simply
connected to a preamplifier and switchinglunitV(Perkin-ﬁlmer Model 112-
0028). The preamplifier operates on a 13 cps input and has a gain of 100,

If it is desired to make emittance measurements in the.far'infrareﬁ
region, it is necessary to use a cooled thermopile detector énd a |
NaCl prism in the monochromator. The manner in which the thermoPile :‘
would be connected electrically into the system is also shown in
-Figure IV-6,

The Perkin-Eimer amplifier copsists of standardrresistance-
éapacitance.amplifier circuitrs using dual tricdes to provide amplifi-
cation and a suitable output stage to‘match the rectifiers, filters
and loads. It is a three-stage, 13 cycle per second carrier amplifier.

A panel mounfed registor controls the gain of the amplifier in & decibel
stepsf

The mo&el 13 amplifier'was-originally intended for use in a Perkihr
Elmer Model 13 Ratio Recording Infrared Spectrophotometer. Sinﬁe in its
original capacity the qmplifier was used to compare and amplify.two
inputs, several modifications were required so that the amplifier would
work satisfactoril& in this‘application. The first quification con-
sisted of taking the test output from the amplifier circﬁit and connecting‘
it directly to the recorder, therefore bypassing thé.comparison circuits.
Secondlf, a4 switch was installed so that the fiiter circuit could be
switched back into the sygtem-between'the output of the amplifier and
the recorder to contrel the responsel Another modification which was
required because of the first modification was to put a vériablg reéisﬁd:

into the standard cell circuit of the amplifier which cohﬁ:olled the



range and calibration of the recorder. This control was then used to
calibrate the recorder. The digital multimeter was used as the standard
in this calibration.

The amﬁlified signal was recorded by a modified Leeds and Northrup
Speedomax tﬁﬁe G recorder. The modification included remoﬁing the
standard cell circuit from the recorder and placing it iﬁ the amplifier
and providing internal connéctions to the recorder slidewire. A
gtandard 450 ohm fesistance slidewire was ﬁsed and the 6rigina1‘amplifier
and damping circuits were retained. A Fluke digital multimeter (Model
8000A) was also ﬁonnected parallel with the recorder so that a digital
readout was available,

Power was supplied to the system by a Sears 5000 watt portable
alternator during field use. The alternator is powered by a 12 horse-
power gasoline engine. The alternator will produce up to 43.5.amps at .
a voltage level of 115 volﬁé,lﬁo cycles, Ihe power prodﬁced by the
alternator is reguiatéd by a Sorenson A. C. Voltage Regula;or, Model
No. 1000S. .TEe regulator requires an input voltage range of 95-130
volts and has an adjustable output range of 110-120 volts; The
regulationraccuracy againsf both line and load changes is fb.l pefcent

at nominal frequency. The input current at full load is 13.5 amps at
115 volt input. An RCA WV-120A power line monitor is used to check
the regulator output.

A Perkin-Elmer Model 012-0455 control ﬂnit is used to control
the power distribution to the various units of the radiometer. The
wavelength output of the monochromator is contfollea by a wavelength
micrometer drum coupled to the Littrow mirror and to a wavelength
drivé mechanigm. The wavelength drive is controlled by fhe control

unit and can be operated manually or at any one of three fixed speeds.
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The control unit- also controls a mechanical rectifier and choppef
assembly housed in the monochromator.

Most of the electronics equipﬁent was mounted in a 19 inch rack
so that it could be easily movéd and mounfedJOn a truck. A photograph

of the mounted equipment is shown in Figure IV-7.

Mechanical Design

There were a number of mechanical items which were designed aﬁd
built for the experiment. The largest of these items wés the mounting
platform for the optical train of the radiometor. The'platform was
required to have three degrees of freedom. A photograph of the
resulting design is shown in Figure IV-8. The majority of the'wéight
;f the platfbrm is in the base which is made of two one-half inch
aluminum plates. The two plates are attached by a center pin an&'
bearing. Teflon rings attached to each plate allow the top plate to
be rotated.  The platform itself was mounted on a 1 inch by 1 inch steel
bar which was mounted on bearings. The platfo;m zenith position was
fixed by use of a sliding arm and wing nut arrangement. The entire
assembly was designed to be easily broken down into thiee parts‘which
could be carried by two men and reassembled on a truck bed. This
design allowed the entire optical train to be assembled; aligned and
checked out in the laboratory while attached to the platform. Then
the mounting platform could be disassembled while still leaving the
optical train intact. | |

-The mounting platform included locking devices for holding the
telescope and optical train in any position desired. The desién aléo.
included a ﬁefhod for obtaining fine adjustments.

Other mechanical holders and devices were also built for the
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FIGURE IV-8.

Photograph of Optical Mounting Platform
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radiometer. These included the mounting arms for the teléscope and
covers made of a}umiﬁum sheet used to make allight tight area between
the telescope and the monochromator. quders énd braces were also
designed and built for the mirrors used to reflect aﬁd focus the
energy between the telescope and the monochromato¥. ‘A phdtograph
showing the holders and part of the covef, is given in Figure IV-9.
Another item which was designed and built exclusively fqr‘this
experiment was the secondary mirror mount for tﬁe Celestron 8 tele-.
scope. Ordinarily, the secondary mirror is held in place by 5
corrector lens that is made of crown glass. TIn order to make meésure-
ments in the infrared region, the corrector lens had to be-removed.
Therefore the new mounting system shown in Figufe Iv-3 was.build and
installed. Slightly, better‘light gathering ability could have been
achievéd had three arms_been used in the dgsign instead of four as
sean.. The secondary mirror is attached by a single screw in the middle
of the mount. The three additional screws seen are not connected to |
the‘mirror bdt are used to bosition the mirror an& tﬁus goiliméte the

telescope optics.

Calibration of Monochromatof

The monochromator had to be calibrated in order to obtain the
wavelength of energy being transmitted versus the position of the
micrometer drum which controlled the angle of the Littrow mirror.

Since two &ifferent prisms were available to be used in the system, two
calibration curves were determined. The final results are given in
 Figure IV-10.

The first calibration was made for the NaCl prism. The NaCl prism
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was mounted in the monochromator and a mercury calibration lamp was set
up so that its output was focused on the entrance slit to the mono-
chromator. An approximate calibration curve was available from the
mohochromator manufacturer. This curve indicated the mercury lamp
spectra of 54612 should be obtained at the monochromator output when the
drum micrometer reeding was 20.0. .An adjustment screw on the Littrow
mirror was adjusted so that‘this condition .was ebtained. The Littrow
mirror adjustment screw was then marked so that the mirror could be re-
‘turned to this condition at any time without re-calibration.

A glowbar lamp was then set up in place of the mercury vapor lamp
and an uncooled thermocouple detector was placed at ehe output of the
monochroﬁator and connected up to. the amplifier and digital voltmeter.

A wavelength filter calibrator was thenrplaced at the entrance to the
monochromator. The.filter was origiﬁally made for use with a Beckman
infrared spectrophotometer for calibratlon purposes. Eight poxnts

were available in the 1nfrared region with the fllter where the
transmissivity of the filter had definite known values that'were easy

to distinguish. These points were then found with the system as de-
scribed and the drum setting at each point recorded. Thesge polnts‘

were then plotted as shown in Figure IV-10. The approximete calibration..
curve cbtained from the monochromator operator's manual was then fitted to
the calibration data points to obtain the curve shown,

Calibration of the fused silica prism wee made in a similar manner.
The mercury lamp was set up, and the Littrow mirror was adjusted so
that the micrometer drum reading matched the approximate calibraﬁion
curve at 5461:. Only one other celibratibn point was then obteined'

o
by using a helium neon laser which produced light at 6328A. Another
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point was plotted by using a tungsten lamp as a source and a 1P28
photbmultiplier tube with a-S-S response as a detector af-the,output of
the monochroﬁator. The 8-5 curve has a cutoff point at approximately.
68002. The drum was then rotated until this point was found and - the
reading recorded and plotted as shown in Figure IV-10. This third
point ‘can only be considered as approximate and therefore was not
congidered to be a reliable calibration point. The approxigate
calibration curve from the opefator's_manual was then fitted to the
data as shown.

In order to compiete the calibration, the'bandwidths of the energy
exiting from the monochromator versus the median wavelength were
calculated. Thg results of these calculations.based on manufactq;er's
data are given in TébIES IV-l,énd Iv-2 for thé'two prisms. The band-
widths shown are based on an exit slit width.of‘2 millimeters. Un?
'fortunétely with the Model 99 monochromator used; the entfancé and éxit
slits were connected to the same‘adjustment. Therefore, since it was
required to keep the entrance slit'aﬁna maximum value of 2 mill§metera;
in oréer to have as large a field of view with the radiometer as
possible, the exit slit wﬁs also requiredlto be at 2 millimeters. The
infernal desién of the monochromator then resulted in the variations
in the bandwidths for different wavelengths; Thé manufacturer's
bandwidth curve for the NaCl prism had to be extrapolated into the
far infrared region in order to‘get the data éhown in Table IV-2. This

data is shown plotted in Figure IV-11,

" Checkout of Spectroradiometer
After the monochromator calibration was completed, the spectro-

radiometer system-was assembled in the 1aboratory as shown in Figure
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Median Wavelength (4)

3000
3500
4000
4500
5000
5500
6000
6500
7000
8000
9000
10000
12000
14000
16000-
18000
20000
22000
24,000
26000

TABLE V-1

BANRDWIDTH TABULATION FOR FUSED SILICA PRISM

Drum Setting

9.50
8.20
7.30
6.60
6.20
5.80
5.50
5.30
5.10
4,70
4 .40
4,20
3.80
3.60
3.30
3.10
3.00"
2.80
2,70
2.60

o]
AN (A)

40
70
100
150
200
260
340
. 440
530
650
720
- 780
8B40
860
850
800
700
600 -
460
360

[s)

Band Limits (A)

2980-3020
3465-3535
3950-4050
4425-4575
4900-5100
5370-5630
5830-6170
6280-6720
6735-7265
7675-8325
8640-9360
9610-10390
11580-12420
13570-14430
15575-16425
17600-18400
19650-20350
21700-22300
23770-24230
25820-26180

9%



TABLE IV-2

BANDWIDTH TABULATIONS FOR NaCl PRISM

Median Wavelength (i) Drum Setting : AN () Band Limits ()

2,0 16.05 } G.36 o 1.82- 2,18

. 2.5 15.60 ' - 0.48 . 2.26- 2.74
3.0 15.30 ' 0.60 2,70- 3.30
3.5 15.00 , 0.80 - . 3.15- 3.85
4,0 14.65 0.78 3.61- 4.39
5.0 13.95 : 0.88 . 4.56- 5.44
6.0 13,20 ' 0.96 5.52- 6.48
7.0 12.40 | 1.02 | 6.49< 7.51
8.0 11.60 1.06 ' 7.47- 8.53
2.0 10.80 1.10 ' 8.45- 9.55
10,0 9.50 ’ 1.12 - : 9.44-10.56

©12.0 7.00 1.14 ' 11.43-12.57
14.0 4.00 1.16 13.42-14.58
16.0

..... ' 1.18 ' 15.41-16.59

Note: Bandwidths and limits above 8u are only approximate.

A
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FIGURE IV-1l. BANDWIDTHS OF ENERGY VERSUS DRUM SETTING
FOR PERKIN-ELMER MODEL 99 MONOCHROMATOR
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IV-12. A white caréboard target was ﬁounted on a wall at th; far side
of the laboratory. A 150 watt spotlight was then shown on the target
and readings were made with the radiometer which was located 56 feet
from the farget. The photomultiplier detector was used th;oughoutK
the checkout of the system. |

The first item checked was the responéivenéss of thersﬁectroradio-‘
meter. The 150 watt spotiight'was first locaégd only six to éight
feet from the target; however, a quiék scan through the déteétable;
energy. spectrum (0.3-0.68 microns) of the photomultiplier detedtor'
showed that the photbmultiplier tube was flooding out through‘ﬁqch of
the region. ‘It.was-then found that the spotlight had to be at least
twelve feet from the target if the detector was fo operate propérly.

The input voltagp to thé photémultiplier tube ﬁas 9007v01ts D.C. By.i
lowériug the input.voltage,_fhe sensitivity of‘the system could‘bel
lowered so that higﬁer energy éould be detected accurately. Hbﬁever,lin
the visible region the respénsiveness wa§ Sucﬁ'that a flash.light shining
on the target from ten feet awaylcouid be easilj.detected. VThefefore,
the only problem with the sensitivity of the system in the visiblel
.region was flooding the detector so.that the output was not linear, .

The alignment of the radiometer optical'system‘was then checked.
This‘was done by éetting the system up an& then adjusting the focusing
mirrors until the highest valué for intensity at a particular Wﬁvefﬁ
length was obtaihed. The results of these tesfs showed thaﬁ the
alignment of the system was.not critiéal. That is, fhe system could be
aligned by eyesight and the highest reading fﬁr'the_intensity obtaiﬁeq.'
Also some error in the alignment could be tolerated without affecting

-the readings. The capability of the system to withstand vibration without



FIGURE IV-12,
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changing alignment was also checked. This ﬁas éccompiishéd by shaking
the mountiﬁg platfofm and mirror mounts while reading from the target.
No variation in the intensity ;ead or change inlfhe optical alignment

of the system waé noted dﬁring these tests.

The optical.portions of the radiometer had originally been focused
visually. Thisrfocus was cheéked.éfter the system was completed by |
changing.the_focus while reading the intensity from the target\ée.
selected waveléﬁgths. It was found that-the focus obtained ﬁiégally
gave the bfightest'reading; however, considerabie_changes in the focus
knob .on the telescope from the original setting had little or ﬁo effect
on the intensity readings. |

The field of yiew of the radiometér wés determined by moving a
plece of black-éardboard‘achSS‘a white target and marking the pointé
where therinfénsityrreading decreased by 2 percent. The results ofrtheée
testS‘ShDWed.the-shape of the fiel& of view of the insthment.to be
as shown in Figure IV-13. At 56 feet, the field of view had a width
of 1.98 inches and a height of 4.86 inches. The angﬁlar fiel& of view
is theréfore 0.40 degrees or 24 ﬁinutes in the vertical direction and
E)minutes in the horizontal direction., Table IV-3 glves Eﬁe'éi;e of the
spot viewed by tﬁé rédiometer at various distances if thé'area viéwed

is perpendicular to the line of'sight of the radiometer.
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 TABLE IV-3

FIELD OF VIEW OF SPECTRORADIMETER

Distance* (Feet) Width of Spot Viewed {Inch) Height of Spot Viewed {Inches)

50 ' _ 1.75 4.2
100 3.50 8.4
150 5.25 12.6
200 : 7.00 16.8
250 8,75 21.0
300 10.50 25.2
350 ' 12.25 29.4
400 . 14.00 33.6
450 15.75 37.8
500 17.50 42.0

* Distance is obtained by adding 1 foot to the length measured between the focal plane of the
telescope and the target.

£s
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CHAPTER V

BALLOON SYSTEM DESIGN AND TESTS

The design and analysis of the tétheréd balloon/reflectiﬁg surface
system consisted of thfee parts. The first part was an initial design’
study made primarily to determine the feasibility of'the concept. The
second part comnsisted of experimental tests using helium filled:balloons
to gain operational experience of the system and to collect data on
the stability of the reflecting surface under actual flight conditiéns.
The third phase wag the final system design which was made for the
balloon/reflécting surface system used for the taking of reflec£an§e

readings.

Part I.. Initial Design Study

The objéctive of the initial study was to design and determine’
the feasibility of a method to be used in stablizing a mirror or re-
flecging surface suspended by a tethered bailoon. The mirror if properly‘
stabilized could then be ﬁsed to méke remote sensing readings of the
energy reflected and emitted from a fixed point on the earth's surface.
The initial design specificationé were as follows:

(1} The reflecting surfacelwas to be suspended at altitudes

ranging from 100 feet to.200 feet.

(2) Vertical, lateral and angular excursions were to be

minimized.

(3) The system would operaté normally in wind speeds up

to 20 knots.
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(4) The balloon system could not become unanchored during

severe thunderstorms.

The design study was made w;th the initial idea that thé entire
system including the balloons would be built at Louisiana State University.
However, it was quickly found that this would be too é#pensivelgnd time
consumihg therefore; the balloons used were obtained from the Robert
Fulton Company. "A balloon with a voluﬁe of 1000 qubic feet was used

as a reference throughout the initial study.

Gas for Filling Balloon

The two primary gases used for lift {n balloon systems are hydrogen:
énd helium. Hydrogen is much less expensive than helium although Che
cost difference is not a major'design factor when the lifting force
and thus the balloon volume is relatively small. Hydroéeﬁ gas is
lighter than helium and thué provides more 1lift in the same volume. .
However, hydrogen in mixtures from 41 percent to 82 percent by volume
of air is extremely flammable. The safety fagtor of helium was con-
sidered to be more important than the lift advantage of hydrogem, there-

fore, helium was the only gas considered for filling the balloon,

Balloon Skin Material

One-of the most recent developments in the materials used for
tethered balloons has been nylon/Mylar laminate. This strucﬁure hasg
both strength and low permeability. The exterior nyloh cloth. provides
the needed stremgth while the Mylar inter £ilm prévides an effective
gag.barrier. The weight of this laminated~maﬁefia1 varies from 3.33

to 4.09 ounces per square yard.



Balloon Shape

Traditionally, balloon shapes can be categorized into three
classifications: .(1) spherical, (2) natural or teardrop shape and,

(3) aerodynamic shape. Tethered balloons have often been a spherical
shape. This shape gives the highest gas volume per unit of surface
area but alsoc has a large drag due to a high frontal area which would
ﬁake a system using this type of balloon difficult to stabilize.

The teardrop shape is more efficient frqm a structural point of
view when the payload is to be a finite, concentrated load supported
by the balloon. Also there is a'éost advantage 1ﬁ congtruction of a
spherical or teardrop shaped balloon as compared to one with an aero-
dynamic shape.

The primary advantaée of an aerodynamically shaped balloon is that
it has better flow characteristics. This is of major importancé for a
stable balloon system. Also, with a streamlined shape, additiomal 1lift
and added stability is possible in the presence of straight winds. Theée
advantages alone eliminated the further considerations of the other
general types of balloon shapes.

Many options are still available undér the general heading of an
aercdynamic shape. Rather than an elliptical shape as used traditionally,
an airfoil shape was chosen for more streamline flow and less drag. A
cambered shape was considered since more dynamic lift would be availablé;
however, the increase in drag and complexity of constructiﬁn were dis-
advantages which outweighed the added lift advantage.

‘Since an airfoll shape was decided upon, the fineness raﬁio (ragio
of ma#imum width to cho:dlength) also had to be selected. The opt imum

fineness ratio for the hulls of submarines and airships is considered

s



57

to be 4.0 [53]. The NACA 0024 symmetrical airfoil (Figure V-1) with a
circular cross section was chosen since it had a fineness ratio of 4.17.
As shown by the dotted line in Figure V-1, the end of the balloon will

be rounded which causes a decrease in length of approximately 10 percént.
Thus the final fineness ratio was reduced to a value of 3.75. This aerg-
dynamic shape for the balloon reduces the ballooﬁ drag and provildes a
large amount of dynamic lift at relatively low angles of pitch, and is

therefore somewhat self-stabilizing as the wind speed is increased.

Angle of Pitch

As previously noted, the balloon must be flown at an angle of pitch
so that additional lift is generated in the-presencé‘of a Qind. ‘In
order to select the best angle of éttack, the lift and drag at various
pitch gngles was compared. As shown in Figure V-2, at a giﬁen angler
of pitch, fhe fesultant of the lift and drag'forces act at an angie
@ to the horizontal. The tension, T, in the balloqn cable is equal in
value and directly opposite in direction to thé forces generated by
the balloon.

A major parameter of importance in the stabilization of the'systém.
is the slope of balloon cable #4 shown in Figure V-2. The greater the
angle &, shown in Figure V-2, the greater the lift component of the
resultant force due to winds and the more side forces required to
make the system unstable. Conversely, as o is increased, thé side
forces also increases. Shown in Figure.V-3 is a plot of pitch anglé
versus the cable slope {(from Foster {52]). The curves show that at an
angle of pitch of approximately 6 degrees, the slope of the.cable is
near its maximum value for the wind conditions considered. 'Sincé the

highest possible value of © is desired to atabilize the system, a



FIGURE ¥-l. NACA 0024 AIRFOIL

FIGURE ¥-2. BALLOON

FORCES

58



o
T

Static Liff =57 1b

e o]
1

(o))
I

ANGLE OF ATTACK (Degrees)
n
1

wWind Velocity (fas) = 5@

51 /0] .

0 50 L
SLOPE OF BALLOON CABLE (Degrees)

FIGURE ¥-3. ANGLE OF ATTACK VERSUS SLOPE OF BALLOON CABLE

6%



60

pitch angle of 6 degrees was selected as the best at which te fly the

balloon.

Horiztontal and Vertical Stabilizers

Horizontal and vertical stabilizers are necessary to keep the‘nose
of fhe balloon into the wind and- thus stgbilize it. Various types of
stabilizers have been used on balloons. _However,the most imporfant
factor in stabilize? design is the amount of stabilizer érea uéed and
the span of the tail surfaces. Acqording1to Hoerner [53], pasf air-
ships have.effectively emp loyed stabilizérs of an area equal to 8 percent
of the total surface area of the body. For a balloon with a volume of
1600 cubic feet and the shape described earlier, the stabilizers should
comprise a total surface area of 50 square feet (25.square feet for
the horizontal and 25 square feet far the vertical sﬁabili#ers).

Using the NACA 0024 airfoil as the balloqn shape and a volume of
1000 cubic feet, the maximum diameter of the balloon would be 8.25 feet.
This results in a cross-sectional diameter of the wake following'the
balloon of 3.8 feet. Therefore in order to insqre that the majority
of the tail su?fa;e-is outside the wake, a gpan of 9 feet is required
for the stabilizers. This resulted in an aspect ratio of 3.24 for

the stabilizers.

Balloon Tethering System : .

A three tether arrangement was selected for mooring the balloon.
Three tethers is the minimum which can be used and still resist movement,
in any direction excéﬁt downward. The objective of the balloon tethering
system was to try to maintain thelapex as shown in Figure V-4 at a
fixed position. The mirror which is the payleoad is attached at the

apex. By using this system, movements of the balloon itself will not.

i
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effect the stabilify of the mirror system except through movement of
the apex.

Since the cables cannot resist compressibn,‘it was desirable to
have enough balloon lift so that there would always be tension in all
the cables in sidewinds up to the design eriteria of 30 feet/seéond.

As long as the three cables are kept in tension, the apex will not move

except as caused by sag .and elasticity of the cables.

In order to reduce the weight of the cable system and atill provide -

safety, the three main cables were designed to hold in winds of dnly
45 feet/second. Since the system in variable and gusty winds of 45
feet/second or greater would completely lose its stability and its
usefulness destroyed, there seemed little reason to design the.cables
to hold more. However, since winds in thunderstorms and hurfic#ﬁes,:of
which Louisiana is frequenﬁly vigited, can become highér than 45 feet/
Secoﬁd~a fourth cable made of nylon was used in ﬁhe design as a safety
feature. This fourtﬁ ling must be elastic to Qithstand jerks and with
a high enough strength so that the balloon would be riped before the
cable would break. Normally this cable carries no load but falls free
to the ground where it)is attached.

In or&er to optimize cablg arrangement and caﬁle angles with the
ground, a complete dynamic force analysis of the entire system must be
made using typical wind profiles. This was not done, however, a
simplified analysis was made by Foster [52] under a National Science
Foundation Grant. Foster found in his study‘that an equilateral tether
system should be used with onelcable oriented'fowards the prevailing
" wind direction. This lead cable should make an angle 6f approx;mately

33 degrees with respect to the ground. The back two cables should make
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angles of approximately 47 degrees with réspect to the ground. Fﬁster
concluded that witﬁ this type of arraﬁéement the withstandable.side
force is increased éubstantially ovér an arrangement where all the
cables make the same angle with the ground. Optimum cable angle with
the ground will depend in actuality on the weight of the cables used, the
height of the system, the lift produced by the balloon, and the down-
ward pull of the mirror system. |

Strength of the tether lines wére designed based on balloon fligﬁt
conditions consisting of a pitch angle of 90 degrees in winds of 45
feet/second. In order to be conservative, the value of the drag
coefficient for a circular cylinder in turbulent cross flow was used.
This drag coefficient was found from Hoerner [53] to be 0.50. The

total drag was then célculated as follows:

Drag = C s

D q
where CD = 0,5
q = dynamic pressure = 1/2 pv2
= _(.5)(.002365)(45)2
= 2.4 1b/ft2
s = préjected profile area
= 182 ft2
Drag = (0.5) 2.4) (182)
= 218.4 1lbs.
p = fluid density
; = fluid velocity
Addinghthe balloon lift of 57 lbs (from Figﬁre V-5) and assuming both

the drag and 1lift act colinearly and using a factor of safety of 1.5,
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the maximum design load was found to be 410 1bs. Therefore, each

cable was designed to carry this load.

Mirror System Design

The mirror system is connected fo the apex of the balloon system.
Both the balloon and the mirror syétems should be attached tb the apex
with swivel type connections to eliminate any twisting due té rotation
of the systems. In order to stabilize the mirror , which‘wbuld othér-
wise hang free, it.is necessary'to use three cables attache& to the
groﬁnd. These cables eliﬁin&te the effects of any wind loads on the
mirror and are used to positicn thé mirrer. These cables were oriented
in the same manner as the balloon cables for the tests made. Only light
tension is necessafy in the mirror cables. Tests were made to détérmine
the-best felationsﬁip between tensioﬁ in the mirror cables and the balloon
cables for the most stable configuration. The mirror cables should be |
as light weight as possible. The maximum design loadingtof these
cables was calculated to be 13 pounds. However, in designing the
mirrof system, it was found from the tests made that care musf be taken
to insure that if the balloon escapes, that tﬁe mirror system will |
break off. Therefore, it is suggested that the mirror cables be
capable of holding at least 100 pounds of tension and that the connection
between the mirror and the balloon break at 50 pounds of tensiﬁn or
less.

If cables which cﬁn bend are used between the balloon's apex and
~the reflecting surfacelsystem, then the mirror system can be aﬁalyzed
in the same manner as the balloon system. That is the mirror is held

in tension by three cables attached to the ground and by an upward force.



Side forces which can only come from moﬁemené of the balloon apex would
have to be greét encugh to makelone of the mirror cables go limp in

order for the mirror to move. Angular excursions of the mirror can come
Aqnly from ﬁarying wind loads on the mirror and movement of the apek.

Again if the cables were totally inelastic, the mirror could be permanently
fixed with no lateral or angular movement as long as there wéfe tengion

in all three mirror cables.

‘Balloon Forces

Forces produced by a helium balloon on the apex result from the
static lift of the balloon, dynamic lift and drag due to the wind
blowing around the balloon, and the weight of the balloon skin and

rigging. Static 1ift can be found by: .

Lift = ( p air - p helium) V a

gas

where P density
V = volume of lifting gas

Using the densities of. AROC air‘at 1 atmosphere and 95 percent pure
helium at 1 atmosphere, calculations of statie 1ift were made for
temperatures of 60 degrees and 100 degrees and are given in‘Figure V-5
{521, |

The stability of a tethere& balloon system is totally dependent
on the serodynamic characteristics of the balloon and how fhey affect
the dynamic lift and drag. For a symmetrical shape like the NACA
0024 airfoil, the pressure distribution is also symmetrical‘when the
balloon is flying at a zero angle of attack. However, when the balloon
is flying nose up at an angle of attack to the wind direction, thé

distribution of pressure is uneven between the upper and lower surfaces

and causes a net 1ift on the balloon in an upward direction. The
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lift is defined as the upward force on the airfeil surface or balloon
perpendicular to the wind directlon caused by the speed of the w1nd over
the surface. Dynamic 1lift for a balloon based on the design described
and a volume of 1000 cubic feet was calculated by Foster [52] and is
given in Figure V-6.

Drag is defined as the force on an objecf in the direction of the
ﬁind due to the wind. The drag on the Balloon was also taken from the
study by Foster [52] and is.shown in Figure V-7.

The weight of thg balloon skin and rigging was estimated to be 28
peunds. This estimate is based on a surface area of 570 équare feef
with a skin weight of 4 ounces per yard. Therefore, the skin weight
was 16 pounds. The tail weight was assumed to be 8 pounds. The
additional 4 pounds was added to account for the rigging,'filling valve
and strengthening need at rigging and tail attachments. A 1200 cubic
foot balloon la;er purchased had a totaliweight of 20 pounds. However,
the stabilizérs were pneumatic.and were only one-half the 50 squaré
feet afea estimated as needed in this study.

Table V-1 contains a summation of the expected forces acting on a
1000 cubic foot balloon system, The final value listed of side force/
vertical tension (SF/TV) in thg balloon cables is the critical item
used to-determine the feasibility of stébilizing the balloon/mirror
system. These values can be compargd to Figure V-8, which shows the
SF/Tv needed torbugkle any cable and thus make the system unstéble.
Figure V-8 was made from the results of a force balance made at the
balloon apex for varying balloon flight conditions and thg cable
arrangements shown. The side force is always opposite in direction to

the wind direction.
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TABLE V-1

FORCE TABLE FOR 1000 CUBIC FOOT BALLOQON

Wind Velocity - 0 ft/sec 15 ft/sec 31 ft/sec

Balloon Static Lift @ 80°F Bb ib _ 60 1b 60 1b
Balloon Dynamic Lift 0 ' 3 1b 13 1B
Gross Lift 60 1b '_ 63 1b 73 1b
Balloon Weight 28 1b. 28 1b 28 1b
Lift at Apex 32 1p _ 35 1b 45 1b
Drag or Side Force , ' .0 1.3 1b 4,8 1b
8ide Force/Lift (SF/L) | 0 ' .037 .107
Angle of Balloon Cable #4 at Apex o o 5

With the Vertical . 0 2.1 6.1
Mirror System Weight 8 1b 8 1b | 8 1b
Total Vertical Force in Mirror Cables ' 7 1b 7 1b 716
Total Downward Puil at Apex Due to _ n-' - | '

Payload | ' . 15 b 15 1b 15 1b
Total Vertical Component of Tension ' o - :

in 3alloon Cab;es - Tv | o 17 1b 20 1b _ 30 1b
SideAFofqe/Vertical Tension (SF/TV) '_ 0o | : . 065 .16

ol
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Conclusions

The major conclusion of the inital study was that the tethered
bﬁlloon/reflecting surface system was feasible and that stability of
the reflecting surface could be achieved. However, in order to assume
stability in winds as high as 30 feet/second it is necessary that the
cable leading into the wind be at an angle of 33 degrees or less with
respect to the ground. It was also noted that the aerodynamic
characteristics of the balloon are extremely important and that unless
the balloon flies as designed that the system will notlfunction as
.required. |

One of the factors not considered in the study was sag and
elasticity of the cables, however, with cables angles as low as 35,
degrees with respect to the ground sag and elasticity of the cables
cannot be ignored. As a result of these factors some oséillatory
movement of the reflecting surface is expected.to occur. One way to
help this problém is to increase the balloon size so that the cable
angles can be increased and the system still be stable in winds up to
30 ft/sec.

Another factor not considered ih thé initial study was wind
turbulence. Since the system was designed ohly for low altitude fiight,
the winds will not be consistant in either direction or magnitude.
Assuming that a strong gust acted at 30 degrees to fhe preyailing
winds into which the balloon was headed, a drag force of 17 pounds‘or
more coﬁld be easily achieved which would cause the system to become
unstable. Tt is therefore necessary that the stébilizers be gufficient

to readily direct the balloon into the wind.
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Part II. Balloon System-Testé

Since the.iﬁitial design study had shown that étabilizing a re- -
flecting surface attached to a tethered balloon appeared feasible, it
was decided to purchase a.balloon to test the concept. The balloon waé'
purchased since the cost and time involved in building a balloon to_the
specifications determined earlier appéared prohibitive. The balloon
was obtained ‘from the Robert Fulton Cbmpany. It had a volume of 1200
cubic feet. The model number was DUED-12-1. At the same time five
smaller balloons also built by the Robert Fulton Company were obtained.
as surplus from the U.8. Air Force. The smaller balloons had a volume
of 800 cubic feet. An adapter and quick disconnect for filling the
balloons was also purchased. 8ince the smaller balloons had been
made available, it was decided.that tests would first be made with the
smaller balloons to obtain operational experience and to obtain data
on the stability of the réfle;ting surface:

Unfo?tunately? the balloons ob?ained did not hgve the same .
characteristics as the balloon design used in the initial deéign studf.
The importance of these differences became very épparént‘as operationQI
experience was gained with the balloon system. The balloons purchased
differed in that they had a smaller fineness ratio than the balloon
designed in the initiai study. The stabilizers area was smallér, the
stabilizer sban was smaller, the stabilizers were pneunmat ic and ﬁot

rigid and the balloons had a high leak rate, especlally in gusty winds.

Design of Rigging for First Balloong Launched

Two of the smaller balloons (800 cubic feet) were used for the
first tests of the balloon system. Design of the cables was based on

- the strength requirements calculated in the initial feasibility study.
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For all the balloon and mirror cables a 1x 7 stranded steel wire made
by the American Chain and Cable Company for aircraft control cables was
used, The strand diameter was 0.038/.040 and had g minimum breaking
strength of 380 pounds. The weight of the cable was 3.85 pounds/lOOO feet.
The cable was very stiff and had a tendency to spread when bent or
wrappgd around a sharp object. |

A figure eight hook was bent and welded and used at the apex to
connect thé_balloon, cables and mirror system. The cables'were looped
at one end and attached to swivel snaps similar to those used-for dog
leases. The loops were made by looping and twisting the wire after
nwhich it was wrapped with smaller wire.' The other ends of the cables
‘used for the balloon were attached to hand operated winches. The
winches were originally designed for boat trailers. In order'fo use them
for this‘apﬁlicétion, a drum 5 inches.in diameter was made to fit over
the center bar of the winch. A photograph of the winch is given in
Figure V-9. The winches were then attached to one and one-half inch
angle iron stakes 4 feet long which were driven ipto the ground.

For the mirror cables, angle iron stakes 2 1/2 to 3 feet long
. were used. Eye hooks were mounted on the stakes. The mirror cables
were wound on wire spools and unwound as needed. The mirror cables
were attached to the stakes with electrical wire élamps which could be
moved up and down the cables. A spring measure was connected between
the cable and the stake in order to determine and adjust the tension

in the mirror cables.

Results of First Balloon Launchings

The first two balloons were launched in June, 1973. Both of these

launches were unsuccessful since one ballon was destroyed and the other



FIGURE V-9.

Photograph of Balloon Cable Wrench

75



76

escaped and no data on the stability of the system was obtained;
However,,séme operational experieﬁce was gained, aﬁd the éonclusions
made helped in the redesign of the system. An account of the balloon
launchings is given in Appendix B. |
A number of conclusions were made from the failure of the first
- two tests., It was found from the first test that taking a balloon
down was difficult. From the second attempt it was seen that leaving
_ the balloon up in a thunderstorm could Ee disasterous. It was therefore
concluded from the tests that using a tethered balloon/reflecting
surface system for taking remote sensing data over a long period of
time would be unrealistic unless,thunderstotnm could be avoided @r a
way could be found to safely take the system down during periods of béd
weather. |
Anotﬁer conclusion was that the mirror rigging should not Le left

free as done in the second test and that the mirror system should be-l
designed to break off if the balloon gets free. Also the safety line
should be stronger'and should be attached to the apex of the balloon
system and not the balloon nose aince attaching the line to the nose
‘forces the balloon down and sideward into the wind thqé‘increasing the
drag force when the other cables break or when the balloon is lowéfed
by using theISafety line, Alsc the balloon cabling system should be
strengthened while the mirror cabling system could be 1ightened and
weakened. The major item which appears to have caused the cables to
fail was twisting and 1ooping_the cables to attach the snaps. This
greatly reduced the cable breaking strength, Also a different type of

wire should be used to make the cables,



Jerks or impadt loading also need to be considered in determiniﬁg
the cable design strength. It was concluded that no attempt should be_
made to lower the balloon if a storﬁ is coming unless the ballcon can
be completely taken down. Finally, if additional tests were to be
made, wait until several days of good weaﬁher can be predicted and
be ready to start taking stability data as soon as the balloon is

launched.

Redesign of Balloon/Mirrox Sysatem Rigging

There was not compiete satisfaction with the cables used in the
first tests. Since these cables were also badly tangled and twisted,
if was decided to abandon their use. A roll of 1 x 7 stranded
galvanized steel wire 1/16" in diameter was obtained and used to make
the new balloon cables. The ends of the cables were looped and brazed
to attach heavy swivelsland snaps, This cable when tested in the -

laboratory after being twisted over a % inch bar was found to carry

410G pounds. ‘The break point was at the bar as would be expected. The

cable had an approximate weight of 0.7 pounds per 100 feet. These
cables were used for ail subsequent tests.

An 800 pound test nylon rope was purchased for use as thé'safety
line. This size of rope was decided upon since it matched the linesg
used on the balloon itself, Als§ a % inch diameter steel ring was
used as the apex to which the balloon, the balloon cables, the safety

lines, and the mirror system were connected,

For the mirror system a % inch aluminum plate 14 inches by 18 inches

was used as a holder. A 12 inch.by 16 inch mirror made by a polyester

film, vacuum-coated with aluminum, stretched over a lightweight frame

was attached to the aluminum plate. Half of the mirror was then
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covered with a ruled target for use in determining lateral ﬁovements.
8ix eyehooks were attached to the aluminﬁm plate. Three hooks were

on t.he top to attach the cables between the mirror and the apex. Three
hooks were on the bottom and were where tﬁe mirror cables Were‘attached.
The cables between the épex and the mirror were connected to the apéx
ring by a snap and swivel. A diagram of the tethering arréﬂgement is
seen in Figure V—iO.

Number eight music wire was used as the mirror cables. This
wire was tested in the 1aborator§ and found to have a breaking“strength
of 102 pounds. The wéight of this wire was 1 pound for 1000 feet.
Aluminum utility wire purchased at a local hardware store was used for
the cables between the mirror and the apex.

Swivel snaps were attached to the mirror.cable by looping the wire,
twisting it slightly and then hand wrapping the loop with smaller wire. -
In order to connect the other end of the wire to stakes, two‘aluminum
plates with four écreWS and a large hﬁle'were used. The two plates
could be placed over the wire and screwed tigh;ly together and then
the plate attached to the stake by using an S hook. Ténsion in the
cables could be adjusted by the positibn of the plate on the wire. A
spring scale was used to measurelthe tension in the cables. With this
arrangement the stfength of the steel wire was not diminiahed by the
connections. |

Measuring Equipment

The equipment used for checking the stability and parameters of
the-ballooﬁ/mirror system after launching included binoculars, tape

meagure, compass, wind speed and direction indicator, laser, laser
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holder, electrical generator, scales, plumb-bob and line, level,
camera, barometer, and a te;perature/relative hﬁmidity gage.

The binoculars were used to view the lateral movements of the
laser beam on the mirror target. The tape measure was used for laying
off the stakes and measuring distances between the centef marker and
the reflected laser beam as well as the beam movement as it impinéed‘
the ground. A compass was used in setting the wind direction indicator
and the cable orientation.

The wind speed and direction indicator was Model W121S as made by
the Weather- Measure Corporation. It was read‘periodically during all
tests to determine average wind speed and direction as Weli as variation
in these parameters. DUnfortunately the inertia in the wind speed
'indicator was such that it did not function well in determining wind
gusts or light breezes.

A laser was used to measﬁre the lateral and angular variations of
the mirror. The lager was mounted vertically in a box used as a holder.
A'torpedo level was used to determine when the lager was vertical. The
laser was powered by a Sears 5000 watt gasoline powéred eleétrical |
generator which also provided the power for the wind speed and direction
indicator.

In ordef to test lateral moﬁement of the mirror, the laser was
set up directly beneath the target attached to the mirror. The movement
of the laser beam on the target-coul& then be easily seen with
binoculars. 1In order to test angular motions.of the mirror, the laser
was set up as before except that the laser .was aimed at the mifror and
the beam feflected back to the ground. Movement of the beam on‘the“

ground was then recorded and the angular variations calculated.
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Spring fish scales (0-8 pounds force) were used to measure and
adjust temsion in the mirror cables. Mirror height was détermiﬁed |
by using a plumb-bob and line attached to the mirror. The plumb-bob
could be removed after thé proper heigh; was achieved, General

atmospheric conditions were measured with a barometer and a continuously

‘recording Foxboro temperature/relative humidity gauge. Photographs

of the equipment used is shown in Figures V-1! and v-12,

Results of Third and Fourth Balloon Launches

Two additional 800 cubic feef_balloons were launched in March and
April, 1974 using the redesigned rigging. Both of these launches were
fairly sdécessful and resulted in the data given in Appendix C on the
stability and operation of the system. The third bailoon launched

resulted in a stability check of the mirror in only one configuration;

whereas, the tests made on the fourth balloon/mirror system launched

resulted in 5tability data with several par#meters varied. The
procedure used for launching the balloons and a log of the fligﬁts is
given in Appendix B, A photograph of the balloon in.flighf is given
in Figure V-13,

Several con@lusions were made based on the third balloon tested
and the_subseéuent analysis, Most importantly it was found that as

long as tension was maintained in the balloon cables there was little

~ox no lateral movement of the mirror. Also the angular movements of

the mirror were not severe but would reqqire a Fest area of consistent
composition large enough that the radiometer reading reflections from
the mirror would see inside the test area at all times. Therefore, it
appeared from this test that the stability of the syétem was sﬁch that

the idea of taking reflectance readings from a reflecting surface held
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FIGURE V-13. Photograph of Balloon/Mirror in
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aloft by a balleoon was feasible but difficult. It was particularly
encouraging that the lateral movements were so small,'since this meant
that the mirror only had to be large enough to accommodate the field
of view of the radiometer.

It was also conéluded that the balloon could be easily taken down
and put béck up by usiﬂg a safety line attached at the apex. Also
the balloon could be taken down in thunderstorms or bad weather by
pulling it down and expelling the helium. However, this is’élow and
éostly. It took an hour to expell the remaining helium from thé
balloon after it had come down af the end of the third test which
means that at least an hour warning before a storm hits would hé required
in order to take a balloon down and store it using.this me;hod.

The final conclusion reached from the test was the impprtanée of
the aerodynamic characteristics of the balloon. As long és the balloon
acted as analyzed the system Qofked as theorized. However, if the
balloon does not have the aerodynamic characteristics theorized either
because of design or loss of gas, the system will not operate |
satisfactorily.

Redesign of the rigging for the fourth balloon system launched
included putting a swivel between the ballcon and the steel ring used
as the)apex and redesigning the mirror holder to make it as light as
possible., Number four music wire with a lesser breaking strength was
used to connect the mirror to the apex. The distance between therapéx
and the mirror was also increased from five to ten feet. In addition,
a slip knot was used to release the plumb-hob 1ine.and let it drop t;

the ground as soon as the mirror was properly positioned.



The major design change made for the fourth launch wés to position
all the balloon cables at the same angle with respect to the ground.
The angle used was 45‘&egrees sincé it gave sufficient resistance to
sag forces from the balloon with a minimum of sag. The main reason
for placing the cables at the same aﬁgie was that the wiﬁd direction
was different each day and almost mever in the directioﬁ of the expected
prevailing winds. The mirror cable angles were also changed so that
tests of mirror stability was obtained with mirror cable angle (R) of
60 and 70 degrees.

fhe data collected with the fourth balloon system launched were
analyzed with the results shown in Figures V-14 through V-22. Figure
V-14 shows the side forces/vertical tension required to buckle any
one cable for a balloon system with all threé cables at forty five
degrees and oriented like the system used for the fourth balloon. The
diréction of the wind forces and subsequent side forces are also shown
on this figure. From this figure it can be seen that if the ratioc of
side forcgs/vertical tensioﬁ is greater than 0.05 that one cable wili
buckle and the system will become unstable.

Figure V-15 shows the downward force produced on the balloon system
by the mirror system for the different valves of tenmsion in the.mirror
cables and different cable angles. This figure is based on the mirror

system weight of 2.3 pounds as used in the fourth test series. Figure

- V-16 gives the predicted wind speed which will cause a side force/vertical

tension ratio of 0.05 and thus cause cable one (Figure V~14) to buckle.
This data was calculated by making a series of force tables as given
in Table V-1 and plotting the resulting data to find the wind speed at

which a side force/vertical tension of 0,05 is obfained. Drag forces -
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FIGURE ¥-14. SIDE FORCE/VERTICAL TENSION REQUIRED
FOR BUCKLING ANY BALLOON CABLE
FOR SYSTEM USED IN FOURTH TEST
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TOTAL MIRROR SYSTEM PAYLOAD, Lbs.
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"FIGURE X -15. PAYLOAD WEIGHT VS

MIRROR CABLE TENSION
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PREDICTED WIND SPEED AT WHICH ONE CABLE WILL BUCKLE, mph
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Mirror Cable
/Angles @ 60°

Mirror Cable
Angles @ 70°

i i i 1 ]
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TENSION IN MIRROR CABLES, Lbs.

FIGURE X -16. WIND SPEED REQUIRED
~ TO BUCKLE ONE BALLOON CABLE
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were determined based on Figure V-7. Figure V-7 ié for a larger
balloon but also for one with better aerodynamic charactéristics. -The
two effects are assumed to cancel one another. Again as seen in the
third balloon test, the wind speed at which the balloon system was
predicted to become unstable was reached and as predicted the system
became unstable,

Figures V-17 through V-22 show the movement of the mirror during
tﬁe tests. These curves indicate that fensions of two to three pounds
of force in the mirror cables gave the leasf ﬁovement. Lateral move-
ment was small and was least for the lower cable angle although the
difference is insignificant if the mirror cable tension is two to three
pounds of force. Maximum angular movement is seen to be + 1 degree to
+ 2 degrees for cable tensions of tﬁo to three pounds of force. Slightly
less anguiaf movement was seen at the higher mirror cable anéle B, |
however it was not enough to be considered as significant.

A recommendation which was concluded from the foﬁrth'balloon
launched was- that six stakes for the balloon cables be driven ihtolthe :
ground 60 degrees apart on a circie whose diameter is.such that the
calculated cable-angles will be obtained when the balloon fs launched.
This will ‘allow the winches to be mounted on the threé stakeé which
will ‘always placeone cable within thirty‘degrees of the prevailing wind;

- With this arrangement the side force/vertical tension required to buckle
any cable is as given in Figure V-23.

Part TII - Final System Design and Conclusions

A 1200 cubic foot balloon of the same design as tﬁe‘smallér test
balloons was available for use in making reflectance readings with the -

radiometer. Therefore, a system was designed based on using this balloon
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FIGURE ¥-23. SIDE FORCE/THRUST REQUIRED
FOR BUCKLING ANY BALLOON CABLE
FOR RECOMMENDED TETHERING ARRANGEMENT
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to hold é reflecting surface aioft.. The system was designed to remain
stable in winds up to seventeen miles per hour (twenty five feet/second).
This wind speed on which the design was based was picked since tests
with the smaller balloons had showﬁ that the balloon itself deteriorates
rapldly at wind speeds much above ten miles éer hour. - By using seven-
teen miles per hour as the design wind speed, allowance is made for
increagsed drag due to loss of helium and the resulting change in the
balloon aerodynamic characteristics. Therefore, the cable system

should remain stable as long as the balloon acts properly.

Table V-2 gives a force table for the 1200 cubic foot balloon. The

vertical force in the mirror cables is based on mirror cable tensions
of three pounds of force with the cables at an angle of sixty degrees.
The drag forée is taken from Figure V-7 with thirty per: cent added to
.account for the size increase and the'blunted.aerodynamic shape., The
design criteria for the cable arrangement was based on a side forqe/
vertical tension ratio of 0,095. The mirror weight was estimatéd based
on using a two foot by two foot aluminized polyester film'sﬁretched
Qfer a light weight frame as the first surface reflector.
In order to maintain the balloon in a stable configuration in

winds up to‘twenty five feet/second, all the cables angles must be at

thirty five degrees and a six stake arrangement must be used as discussed )

in the conclusions obtained from the third stabiiity test. This results
in a diagram of the side force/vertical tension required to buckle the
system as seen in Figure V-24. The mirror cable angle suggested was
sixty degrees with three pounds of tension pulled in each cable. By
using this arrangement the system will sqrvivé fhe winds to be expected

during most days of the year. The exception are days when thunderstorms
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TABLE V-2

Force Table for 1200 ft3 Balloon System'

Wind Velocitj

Balloon Static Lift @ 80°

Balloon Dynamic Lift

Gross Lift

Balloon Weight

Lift at Apex

‘Drag on Side Force

SF/Lift

Mirror System Weight

0 ft/sec

71 1b

0

71 1b

17.5 1b

53.5 b

6 1b

Total Vertical Force in Mirror

Cable

Total Downward Pull at Apex
Due to Payload

Total Vertical Component of
Tension in Balloon

Cables - T
Ty

SF/T
v

.10 1b

16 1b

37.5 1b

99

25 ft/sec

- 15 ft/sec
71 1b 71 1b
2.3 1b 9.3 1b
73.3 1b 80.3 1b
17.5 1b 17.5 1b
55.8.1b 62.8 1b
1.7 1b 4.4 1b
.030 .070
6 1ib 6 1b
10 1b 10 1b
16 1b 16 1b
'39.8 1b 46,8 1b
.043 095
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FIGURE ¥-24. SIDE FORCE/ VERTICAL TENSION REQUIRED
- FOR BUCKLING BALLOON CABLE FOR 1200 FT3 BALLOON SYSTEM



develop and/or a cold front is passing through the area causing windsg
to increase above seventeen miles per hour. l

| Using an altitude of one hundred feet for the mirror, lateral
movements were expected to be almost negligible for the feflectiﬁg
surface. ' Angular movements were expected betwgen'dne to tﬁo degrees,
Therefore, a consistent plot of ground three to fOur‘feet iarger on
each side fhan thekfield of view of the radiometer.waé used in makiﬁé
measurements. |

The cables, ﬁinchea, safety lines, stakes, etc. used in the smaller
balloon tests were designed for the larger system so that these same
elements were used in the final balloon system design.

Conclusions“

Several conclusions about the use of a tethered balloon syétem to
hold an cbject stationary above the ground in'genéral were made as
well as éeveral conclusions about fhe system used in particular. In
general, it appeafs that an object can be held aloft with little or no
lateral movémenf by using a tethered balloon system,as.designed at
altitudes as‘high as one hundred feet and possibly as high as five
hundred feet. However, angular movements of the suspended object will
be significant using the system as designed especially if the object
is to be suspended at an altitude greater than one hundred feet.

For many apélications‘the biggest limitations in the use of the
system will be the inability to make long dﬁration tests of several
weeks with this system. As presently conceived the system's duration
is limited t§ the time betﬁeen balloon launch and the time that winds
due to thunderstorms or otherwisé become high enough to make one of the

cables go slack. This problem is further complicated by helium losses

101



from the balloon. Alsé a watch needs to be kept on the system day and
night when it is put up in order to adjust the system for wind changes,
gas losses, and the presence of thunderstorms.

In particular for the'system tested, lateral movementsAof'the
mirror were negligible and-angularrmovements were reduced to + 1-to 2

. degrees for the mirror at one hundred feet. Similar results were

obtained for all the tests conducted. It was alsoc seen frdm the balloon

tests that the type of balloon used was nmot very well suited for thig
type of application, The balloons had large losées of helium especially
at winds above ten miles per hour. The balloon would have also worked |
better had it been cleaner aerodynamically and had larger and figid
stabilizers. Therballoon should also have been able to withﬁtand
higher winds without losing its shape; Another conclusion made ﬁas that
a larger balloon with more 1lift shoyld have been used for the tests.
This would have allowed the system to.withstand higher windé.

4A number of suggestions for further study or improvements of fhe

system were made. It was concluded that if the system were to be

studied further the first step should be to make a complete mathematical.

model of the system and to write a computer program, Data obtained-
from the tests already made can be used to check the program. Based on
a typical wind profile and balloon characteristics, various elements

- of the system can be optimized. Once this is finished, a new system

could be designed and tested if it is seen that significant improvements.

could be made in the performance of the. system as compared to the
balloon systems tested in this study.
It was also concluded from the tests made that some way is needed

to take the ballpon down quickly and to save the helium, One
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possibility might be to use a pump to empty the ballcon and to refill
the hélium storage bottles.  Another poséibility is to have a large
storage van or hanger where the balloon can be placed fully inflated.
‘Some way to quickly check the bailoon for leaks aqd tears is also

needed so that repairs can be made. Better winches are needed;f The
winches used in the tests had a small diameter and caused the wire éo
curl. Therefore when a line went slack the wire curled and then when
pulled back tight would cause a kink in the line. This érobleﬁ affected
both the strength and eiasticity of the cables;

Another possibility for improving the system might'be‘to'use
hydrogen rather than helium as the lifting gas. Making this study
would result in a trade off between the safety of helium and'the cost,
1ift for same drag componenf, and containabiliﬁy of hydrogen,

A final suggestion for further study is the use of a-spring and
daﬁper system as the conne ction between the balloon ;peg and the payload.
The systeﬁ should be swiveled on both ends. The design.pafamgtefs of
the system would have to be determined from the computer analysis.

In conclusion it should be stated that the design paramefers found
to be'bf most importance in stabilizing a mir;of suspénded undefneath
a tetheréd balloon are:

i. 'The balloon shape must be such tﬁat a minimum of drag is

produced.

2. The balloon stabilizers must be such that the balloon reacts

quickly to changes in wind direction,

3. The balloon must have a low leak rate while being held fairly

stationary in varying winds.



4, The mirror must be as light weight as possible.
This last requirement indicates the importancé of the use of an

aluminum coated mylar film as the first surface reflector.
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CHAPTER VI

LABORATORY TESTS AND RESULTS

The first tests made to determine the reflectance of natural
surfaces were made with the Spectforadioﬁeter described in Chapter IV
under labbratory.conditions. Reflectance readings and variations . in
the refiectance with source angie were obtained for a plot'of
Saint Augustine grass, a plot of black alluvial scil taken from the
Mississippi River fiqod plain and a plot of Bermuda grass. The
method used to make reflectance readings in the laboratory was the
same as that vsed later in field tests. The bnly exceptions were the
controlled enviﬁonment of thellaboratory, the use of photolamﬁs as a .
source inétead of the sun.and the use of a folding miffor mounted

on a moveable platform instead of wunderneath a balloon.

Mathematical Analysis

Reflecﬁance generally is defined as the ratio of reflected eﬁefgy'
to the 6rigina1 irradiation where the irradiation is the total @owe;
incident or incoming to a surface per ﬁnit area of surfahe[55]. As
mentioned in Appendix A, reflectance is a function of wavelength () ).
Bidirectional reflection, also defined in éppendix A, is the ratio
of thé enérgy reflected from a surface at.a pafticular angle to the
incoming energy to the surface at some other angle. 1In order to
describe these angular quantities completely, three angles are
required. They are the source zenith angle (¢ ), the viewing or
reading zenith angle (8) and the relative azimuth angle (Y ) between
the planes defined by the source and the surface and the vieﬁing

element and the surface. Therefore, bidirectional reflectance (B), is
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a function of wavelength, source zenith angle, viewing zenith angle
and relative azimuth angle and can be written g(A, ¢, 9, ?),

In order to ﬁeaSure.Bidirectional reflectance directly in tﬁe
laboratory, the detector system must be placed to read the energy
reflecting from the test surface at a particular angleland to read
in a similar manner the energy inpoming to the test surface at some
other desired angle (see Figure VI-1). If the incoming energy is
designated as iin and the reflected energy as Iout,'aﬁd the‘angulgr
and wavelength dependences are included, the définition for bidirec-

tional reflectance can be written

I (A,

. ¢ t*Cout?Yout’ :
p(A,8,0,¥) = I°“(A o )0“ (VI-1)
: in‘**%in*Cin*Yin
where Yout and Yin are measured from some reference plane and ¥ =

oue=(180° + v, 0 .
There are several problems involved if this definition is to be
‘used directly to measure the bidirectional refiec;ance of natﬁrél-
‘surfaces under natural conditions. One of these problems is that the
spectroradiometer must be positioned so that it reads first the
reflected energy and then reads the incoming energy in exactly the
same way. The second problem is that in the natural environment
the imcoming energy to be measured is the direct sﬁnlight which is
several magnitudes greater than the outgoing energy for the same
solid angle or detector area. It is therefore difficult to use
the same system to measure both Iin and Iout'
Because of these problems, the reflectances measured and cal-

culated in this investigation were relative bidirectional reflectances.

That is, a signal, ST, was first recorded from a test surface and then -
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rationed to a standard signal §, recorded from a standard sﬁrface
of 101-Al0 white paint (see Appendix D). Both signals are taken in
the same manner with the same recording system, solid viewing anéle,
wavelength, baﬁdwidth, irradiation, and\angula;rconditions, If the
detector and amplifier systems are linear, then the recorded signals
ST and SS are porportional to the intensity of the energies coming

from the sufaces under the prescribed conditions. Therefore,

S.=kTI_ (A, 6

2RI ) N )

¥
out? gout’ out

and

8

o ) (VI-3)

k ;S (A "gout’ Cout’ Yout

‘If the incoming energy from the lamp source is kept constant
while both measurements are being made, then mathematically the

relative bidirectional reflectance, p, is
(2,0
(2,9

Lo a¥ ) |
out” “put ¥00t) -(VI-4)
t!

I'.l' out
IS out

ﬁ(}tsgscaw) = ST/SB =

out’gou out

from Equation (1)

Tout® »8ue7 Courr Your? = POLO LT, (L6, Le. Ly ) (VI—#)
Therefore,
P00, (A0, e, ¥, )
B(1,0,0,¥) = — 8.8 -in in (VI-6)
. ps(l’e’g’w)lin(l’gin’gin’win) :
ﬁ(l:gsgs?) = -I______-"_ =ST"SS (VI‘?)

pg(1,8,0,¥)
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Since the standard surface used was neither perfectly diffuse
or totally reflecting, it is necessary to correct the values of
relative bidirectional reflectance as obtained in this study in order
to compare them to similar studies made by other investigators. This
is acéomplished by multiplying p By the monochromatic hemispherical
reflectance, p()) of the sténdard panel from Figure D-1 and a term
to correct for the lack of-diffuseness of the standard surface.
That is, | _

Pr(Xs8,0,¥)

5(7\,9,§,‘Y) = CD(1399;9W)95(R) " ' (VI*S)
ps(l,g,g,‘i’) -

where CD, the diffuseness coefficient, is defined as the ratio of the
actual energy outgoing from the standard surface at a particular
angle to the amount of energy that would be outgoing at that angle

if the surface were perfectly diffuse.

IActual'Out(h’g’g’Y)

C,(X,8,L,¥) =
D ¢ : Diffuse c‘mt[Iino“)j (VI-9)

By definition the amount of energy being reflected from a
perfectly diffuse surface at any angle to a detector is a function
only of the energy incoming to the surface as seen in Equation (VI-9).

An indication of the va}ues of CD for different sour;e angles
can be seeﬁ in Appendix D. From these data it was determined that
CD can be assumed equal to one for all the stﬁdies made in the
visible regionf However, this factor must be éccounted.for in

 taking data to determine information on angular variations of the

reflectance in other regions of the electromagnetic spectrum.
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Experimental Apparatus

The setup of the experimentallapparatus used to make refléctance -
readings of natural gurfaces is showm in Figure VI-2, The spectfo-
radiometer was set up in one room and aimed through a doar onto the
folding mirror located approximately 60 feet away near a wall in
anothér room. The folding mirror waé mounted on a moveable platform
and was made by stretching a.pélyester £ilm whidh was vacuum coated
with aluminum over a lightweight cardboard backing. The mirror-was
24 inches by 24 inches and was obtained from the Edmund Scientific
Company. The same type of first surface reflector was later used
in fhe field tests.

The moveable platform used in the laboratary tests and later in
some of the field tests is shown in Figure VI-3. The folding mirror
is mounted on an aluminﬁm‘plate which can be rotated about a center
axis and locked in any position required.. The platform is ﬁounted
on 6 inch castors to provide mobility. The platform can be éxtended
to any height Between 7 and 14 feet,

The spectroradiometer was set up as described in Chapter IV.

Tﬁe photomultiplier tube was used for making energy measurements in

the wavelength fange of 0.33 to 0.68 microns. The lead sulfide
detector was used for reading from 0.68 to 3.0 microns. The

range of energies read by the sulfide detectér was limited by the
detector respbnse. However, the upper limit (A =‘0.33 microns) of

the readings made with Fhe photomultiplier tube was caused'by factors
other than the tube resPonsiveness.. These factors included a decrease
in the reflective quality of'thé first surfgce alﬁminized‘reflector's

used in the spectroradiometer and in the folding mirror, a decreasge
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in available energy from the source and the small bandwidth_of enérgy
passed by the spectroradiometef at wavelengths less than 0.35
microns. |

A staﬁdard éurface used as a comparison to the readings made from
the test surfaces was made by painting a 2 feet by 3 feet piece of
quarter inch aluminum plate with Nextel Velvet Coating iOl-AlO white .
paint manufactured by the 3M Company. The paint used to make thei
standard surface was quoted by the manufactufer as having reflectance
properties approaching those of a perfectly diffuse surféée‘in the
visible region.

The source used in the experiments was a 500 wat£ photolﬁmp with
a temperature rating of 3200 degrees Kelvin. The bulb was made by
Sylvania under the brand name Photo-ECT. The bulb was placed in a
standard photographérs reflector made especially for this type of
bulb. The reflector-and bulb was mounted on a tripod as seen in

- Figure VI-3.

Experimental Procedures

Two different procedures-ﬁere used for taking data; however,
the setﬁp used for all the laboratory tests was as shown in Figuré vi-2.,
For tﬁe first 32 test runs a plot of Saint Augustine grass was uéed
as the test surface. For these runs the source was set up at the
angle desired and readings were firﬁt'made from the standard surface
through the wavelength range of the detector used in the radiometer,
The standard surface was thén removed and the gast'Surface was put-m
in its place. Readings were then taken.from,ﬁhe test Sufface at the

same wavelengths and under the same conditions and raticed with the
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readings taken earlier from the standard surface to give thg relative
bidirectional reflectahcé. The source was then put at another angle,
the test surface removed andlfeplaced with the standard surface and
the précedure repeated,

When these data wefe first cross-plotted to éive the changes in
reflectance with source angle, scatter was noted in the data, parti-
cularly in the infrared region. Because of this, tests were made to
determine more exactly the diffuse characteristics of the staqdard
surface. The results of these tests are given in Appendix D. Another
factor which contributed to the écatter was that the test surface
of grass was removed and replaced again for each test run made at
a different angle. Thérefore, the exact same spot of grass was not
necessarily being viewed for each test run‘made. Subsequept analysis
of the data showed that this factor did not contribute greatly to the
scattér in the visible region. |

In order to eliminate any sources of error which might be-‘
introduced by the factors menfioned above, a second procedure was
édopted. First, to obtain the bidirectional reflectance of grass and
s0il samples, the test sample was placed in the radiometer field of
view and the light source was placed at { = 0°. The radiometgr
‘viewing angle (f) was 15 degrees. The test surface was then removed
and the standard surface was placéd at the same distance from the
lamp source as the test sample had been. Readings were then made at
selectedkwavelengthg with the spectroradiometer of_the_engrgy being
reflected from the standard surface., The standard surface was then

removed and replaced with the test surface. Readings at the same
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wavelengths were then taken from the test surface, ‘The readings from
the test surface were divided by the readings from the staﬁda;d
surface to give the relative bidirectional reflectance.

‘After a complete wavelength scan had been made in the rahge of
a detector to determine the relative bidirectional reflectance of the
fest surface at { = 00, data was obﬁained to find the variations iﬁ
the bidirectional reflectance of the test surface with source angle,
The test surface was left exactly as positionmed to obtain the data‘
at ¢ = 0°. The exact center of thé'spot Being viewed with the
spectroradiometer was then found. A small marker was then placed at
this point. The light source was carefully placed with exactly 49
inches between the center.of the area viewed and the ligﬁt source.
Readings were then made at selected wavélengths of.the energy béing
reflected from the test surfaéé with the source placed at different
angles. The test surface was not moved while these test‘ruﬁs were
made . These.readings were then compared to readings that would have
been obtained if the test surface were perfectly diffuse. The readings
obtainéd with the source at { = 0° was taken as the standard and the
percent diffe;ences between the readings at the other source angles
and those of a diffuse surface based on the standard were obtained
{see Appendix E).  These data indicate the variation in the bidirec-
tional reflectance of the test samples with source angle.

All the laboratory and f;eld tests were conducted with a viewing
angle (B) of 15 degrees. Tﬁe relative azimuth angle (¥) between the
radiometer and the source planes was kept at 0 or 180 dégrees for all

the laborétory tests. It would haye been preferable to have also

taken data with a viewing angle of zero degrees; however, with the
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technique used this was impbssible since the geometric requirements
would dictate that the folding mirror be much higher than the
radiometer. The folding mirror height in the 1aboratory.§as limited
by the height of the ceiling so tﬁat even with the radiometer on the
floo; the folding mirror does not completely-fill the radiometer
fieid of view if it is ad justed to give a viewing angle of zero

degrees to the test surface.,

Mirror Tests

‘One of the key items in the developmenﬁ aﬁd usefulness of the
techniques used in these experiments ig a folding mirror which is
lightweight?-and a first surface reflector and which can ber
obtained inexpensively in large sizes. The folding mirrors used
were described earlier and are-available in sizes up to_é feet by -

8 feét; however, they were not originally developed or'designed for
scientific purposes. Therefore, several tests weré made to determine
if this type éf mirror could Be_usedrfor the purposes oqtlined.

In‘order'to test the folding mirrors, the system was set up as
shown in Figure VI-2, Readings from the standard surface‘were then
tecorded on the strip chart reéqrder while the folding mirror was
rotated and mbved back énd forth so that the energy read was reflected
from different areas of the mirror. WNo change was recorded in‘fhe_
intensity of the energy me#sured during these tests. The tests were
conducted with the.energy being recorded in the visible green region.

AAsecoﬁd.series of tests were conducted to see if winds blowing
on the mirror would affecﬁ the energy readings; These tests were

conducted as before except that the mirror was fixed and a fan and a
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large piece of cardboard was used to simulate large gusty winds
blowingracrOSs the mirror. Using this techniqué'the mirrﬁr surface
could be seen visually to move and vibrate slightly, but‘as in |
the other tests there was no effect on the inténsi;y of the energy

received by the radiometer.

Standard Surface Tests

When the first test runs were analyaed, it was found that the
data for the angular variations were scattered except in thé visible
region. Tt was theorized that this was caused by one or a-combination
of several factorg. One of these factors was that the results were
affected by variations in fhe diffusenesé of the standard surface
with various source angles, Fof this reason a series of tests were
conducted to detefmine if.the'standard surfaces showed such
characteristics.

The procedure used to test the standard surface was to set up
the spectroradiometer, folding mirror and standard surface as shown
in Figure fI-Z,. The area viewed on the standard surface was :hén'
found precisely and the center marked with a small x. The source was
then placed exactly at a distance of 49 inches from the x to the lamp
bulb at various source angles. A distance of 49 inehes was used to
keep from saturating the photomultiplier detect&r with too much energy
and still be close enough to the surface to not interfer with the line
of sight between the spectro;adiometer, the folding mirror, and the
sféndafd surface. The reflected energy was recorded at selscted
wavelengths at each source angle. The results of these tests are -

given in Appendix D. Each run was repeated at least twice. A 500 watt



photolamp was used at wavelengths (A) of 0.35, 0.40, 0.75, 0.85, 1.00,
L1.25, 1.50,-1.75, 2.00, 2.25 and 2.50 micromns. ‘A 150 watt bulb in a
reflector was used at A = 0.40, 0.60 and 0.65 microns. A 150 watt
bulb without a reflector or shield of any kind was used at A = 0.40,
0.45, 0.50 and 0.55 microns. Two completely separate sets of data
each taken twice was obtained at A = 0.40 using different sources.
The photomultiplier tube detector was ;sed for A = 0;35 té A= 0.65
microns.: The lead sulfide detector was used from A = 0.75 to A =.2150
microns. |
In order to determine if therenergy.was being reflected diffusely
at all source angles, it was necessary to calculate the changes in
the enefgy7impinging on the standard surface at each source angle.
This analysis is shown in Appendix D, 1If thelsurface werelperfectly
diffuse, the changes in the reflected eﬁergy from the standard surface
would be proportional to the changesiin the incoming energy. In
Appendix D, Figures D-5 through D-20 are plotted to show the actual
energy received by the radiometer with a viewing angle_of 15 degrees
and the expected energy if the standard surface were perféctly diffuse.
These tests showed that the standard surface was not diffuse in
the infrared region and at X = 0.40 microns. Also the actual intenmsity
curve did not exactly follow ;he predicted curve for.a'perféctly-
diffuse surface at any wavelength. However, it was noted that for the
five curves made in the visible region {(Figures D-7 through D-11) the
results follow very closely the results that would be expected from'
a diffdse surface. This tends to siibstamtiate the ﬂiffuseness—claimf-
made by the ﬁanufacturér of the paint if oniy the wvisible region is

considered.
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Another conclusion made from these tests ﬁas that since the data
was generally consistent and repeatable that the technique of
positioning the lamp as desctibed was a valid experimental procedure.
Algo since the data in the visible region agreed with the manufacturer's
claim made for the baint the analysis used was substantiated. Even
though it was shown that the ;tandard surface was not diffuse when
considering small bandwidths of energy except in the visible region,
the surface was still used és a standard so that comparisons between

the reflectances of the vérious surfaces tested could be made.

Tests of Reflectance of Saint Augustine Grass

Using the equipment and techniques discussed, the reflectance
(ratio of energy reflected from test surface to energy reflected from

standard surface) and variations of the reflectance with source angle

were determined for a plot of St. Augustine grass (Stemotaphrum
secumalatum)."The grass surfaée used'for a test plof_Was dug up

from a well carpéted lawn. The grass was well watered aﬁd very thick.
There were no other types of grasses in fhe plot used except St.
Augustine. The plot studied was a2 plug approximately 18 inches in
diameter.and 6 inches thick. The grass was cut at a height of 2 inches
above the ground surface. The width of individual blades ofrgrass
ranged between 1/8 inch and 1/4 inch. The individual grass blades

were oxiented randomly in direction with some preference for alvertical
_direction. After the tests when the grass was allowed to grow to a
greater height, there was a greétef tendence for the individual grass

blades to be oriented in a vertical direction.



The base soil or dirt was not visible when looking at the test
sample. However, it was possible to see thréugh the grass and—éee
decayed vegetation beneath the green grass blades when looking at an
angle of zero degrees to the surface. But when viewing the plot at an
angle of 15 degrees (the radiometer viewing angle) only grass Blédgs
could be seen. The size of the field of view of the radiometer was
approximately 2 inches by 6 inches at the test plot for all the

laboratory tests conducted.

Figures VI-4 and VI-5 present the relative bidirectional reflectance

data taken for the grass plot with a source angle of zero degrees.

The soil moisture content was checked at the beginning and at the

end of the runs and found to be 48 percent and 42 percent, respectively.

A 500 watt photolamp source was used in the ultraviolet region and a
150 watt bulb was used in the visible region. The dats was recorde&_
on the Northrup Sﬁeedomax strip chart recorder. The wavelength drive
was opaerated manually. The amplifier gain was adjusted'at‘eaéh point
to give a reading close to 10 millivolts at each wavelength'from the
standard éurface for test rﬁns 1, 2 and 9. The data was recorded
with the digital voltmeter for runs 33 and 34. The data in the
visible region (A = 0.45 to A = 0.65) is very close to the trug'bi-
directional reflectances which would be obtained with a perfeét
reference surface. The standard surface has a véry low reflectance in
the ultraviolet region which caused the reflectance data pfesented‘
in the ultraviolet region in Figure VI-4 to be high.

The reason for the differences in the Feflectance réﬁdiﬁgslﬁQHE'
with the photomultiplier tube detector and the lead sulfide detector

between 0.65 < A < 0.70 is because the photomultiplier tube has a-
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natural cutoff point near A = 0.68 microns and is therefore not reading
through the entire bandwidth of energy available to the detector
in this region. . A similar drop off in detectability occurs for the
lead sulfide detector aE wavelength_léss than 0.70 microns. Therefore,
the real values of reflectance read in this region are highét thgn
those obtained with the photomultiplier tube and lower than‘thése
taken with the lead sulfide cell. The solution to getting better
data.in this region.is to use a detector with a S-1 spectral response;
This phenomenon occurs only if the refleétance is varying rapidiy
with ﬁavelength in this region.

As seen from Figure VI-4, the data taken at wavelengths less than
0.35 microns is erratic. This was caused by the low level of energy
being received by the detector in this region and therefore thé high
level of gain required to make any readings at ali. The<10w ievel
of energy received by the detector was caused by the lack of a source
which produced energy iﬁ the ultravioiet region, the low reflectance
of the surfaces used to collect and focus the energy and the narrow
bandwidth of energy transmitted by the monochromator in this region
(see Table IV—i).

It should be noted that the data from test runs number 33 and 34
shown in Figure VI-5 were made scme two weeks after the data plotted
'és test run number 9. During this time period the plot was watered
and recut to give a.2 inch height. The scil moisture content was
checked after runs 33 and 34 were made and found to be 48 percent.
For all of the test runs sﬁéﬁﬁ'in'Figures"Vféﬁ and VI-5, a different
portion of the grass plot was viewed to get the data, yet the data

shows good consistency. The data in the infrared region beyond A = 2.5



microns is erratic due to the low detéctability of the lead sulfide
cell in this regibn and the low amount of energy being produced by 
the source at wavelengths greater than 2.5 microns.

Figures Vi-6 through VI-9 show the effects of source zenith angle
on the reflectance of grass surfaces when the source aﬁd the radiometer
are in the same plane. The data and analysis used to calculaté thésg
curves 1is givén in Appendix E. A 500 watt photolamp was used as the
source for taking the data. The digital voltmeter was used to record
the readings which were made manually for runs 33 and 34, ‘Two
independent runs were made to get the data at each point and thén'
averaged as detailed in Appendix E.

The feSults of these tests show that there is considerable
variations in the bidirectional reflectance of grass surfacee. Also
this variat;on is not the same in various regions of the electro-
ﬁagnetic 3péctrum. These variations are due both to the sﬁectral
characferistics of an individual grass blade and,the-strhétural.arrange-

ment of the blades as well as the angular relatiouships between the

source, the test plot and the radiometer. Since the structural arrange-

ment of the blades in the plot is a major factor in the data received,
it is not inconceivable that a plot of the same type of grass at Q
different height and thickness might give somewhat diffgrent results,
Reflectance in the ultraviclet region is seen to vary‘by 50 per-
cent for the source zenith angles studies. This ﬁariance decreases
sémewhat in the visible region and is down to 20 percent in the near
1nfrafed. ‘qugvgf, F;gure'VI-9_§hqws ;ha;rfurtherugg;_;n :hergnfraréd )
the variance again increases, These data tends to indicate thatlwhén
comparing energy levels in different éortions of the spectrum in ordef

to identify plants the solar zenith angle must be considered. The data
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as shown is valid only for a viewing angle (8) of 15 degrees. Since
a4 viewing angle of zero degrees was_ﬁnobtainable in the laboratory"
‘tests with the technique used, it could not Be.determined if these
same #ariances still exist at viewing aﬁgles closer to zero dégrees.
Figure VI-7A and VI-7B presents data in the visible regiop on
the variation of reflectance with source anglé as obtained using both
procedures described earlier. The basic difference in the methoas
used to take these data ié that the data presented in Figure VI-7A .
is based on looking at the same surface for each. source angle and the
data presented in Figure VI-7B is based on data taken two weeks
earlier in which the grass surface was feplaced for each sﬁurce angle
so that exactly the same §ﬁrface was not viewed at each source angle.
Also any lack of diffuseness as shown in Figutes D-7 thrbugh D-11
had an effect on the data in Figure VI-7B. However, even with these
differences‘tbe curves in the two figures are very similar and'show:.
‘exactly the same trends. As a result of these two figures it appears
that the 2 inch by 6 inch area viewed in the laboratory was large
enough so that randomness and integration of the individual graés
blades could be assumed within this size area of St. Augustine grass..
This data also éEOWS the repeatability of the &ata even after the.

grass surface had been watered, grown and cut several times.

Tests of Raflectance of Soil

Reflectance data and data on variations of reflectance with source
angle was also taken from a pan filled with black soil. The soil was
taken from the floodplain of the Mississippi River on the campus of

Louisiana State University. The soil had been dug up when making a



ditch in which:sewer pipe was laid and contained no vegetation. The
soil was black alluvium deposited by the Mississippi river. It ié
very finely grained with a high clay content and is very'commonlto
the area along the Mississippi River and in the Mississippi Delta.
The soil was placed in a 4 inch deep éan 18 inches in‘diameter; and
the top was leveled with a trowel: Since this process left a slick
sheen, the soil surface was then heavily washed with water. . This
lgft the surface level but without the sheen. The‘surface was-pitted
during the washing pfocess and  looked vetry natural. After making the‘
readings, the surface soil was scrapped off and placed in a container
to determine the moisture content which was fqﬁnd to be 33 percent.

The eéuipment setup and procedure used to take the data was thé
séme as that used for the latter test runs made on the grass surface.
.The viewing angle wés 15 degrees and the size of the soil area from
‘which reflectance readings were received was approximately 2-iﬁches
by 6 inches.

Figﬁre VI-10 presents tﬁe data taken which shows the relaﬁive
‘bidirectional reflectance of tﬁe soil sample in the visible and ultra-

vioclet regions. The data in the region from A = 0.45 microns to

A = 0.60 microns is not very accurate since the phototube detector was

being saturaﬁed in this region when readings from the standard-surface
were taken. However, a number of conclusions can still be made.

First the data in the ultraviolet region shows that more energ& vas
.reflected from the soil in this region than from the.grass surfaqe

aﬁ& that for part of.the ultraviolet spéctfum more enefgy was reflected
from the soil than from the standard surface. It also appears that

even though the soil appears black to the human eye it actually
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reflected more energy in the visible region than the grass surféce.
This is explained by the strﬁcture of the grass surface which tends
to reflect the energy between several different individual grass
blades so that a large portion of the incoming energy is absorBed
before the energy is finally refiected back out from the surface. At
wave lengths greater than 0.64 micrnns‘tﬁe energy reflected by the
‘grass surface is greater than that reflected from the soil surface.
This is seen by comparing Figure VI-1ll and Figure VI-5.

Figures VI~12 through VI-16 show the effects of source zenith
angle on the refleqtance of‘a soil surface when the source and thg
radiometer are in the same plane. The data used to generate these
curves is presgnted in Appendix-E.. The procedure used to genefate
the curves is‘also.presented in Appendix Erandlis the same. as that
used for the grass surface. ﬁ.SOO watt photolamp was used as the
source, and the feadings were recorded from the digital voltmeter of
the spectroradiometer. Two separate runs were made so that, data
waé taken twice for each point, averaged and then used to obtain tﬁe
data shown in the figures.

These data show that like the grass surface, the variation in
the reflectance of the soil with source zenith angles is Qery-dependent
on the wavelength of the energy being sensgd. Also these variations
with wavelength show the same general trends as determined for the
grass sutrface. The biggest differences in the variations as found
for the grass and soil reflectances is that the curves for the soil
surface are much smoother and that the béékscaftér'from the soil
surface is very small. That is, the amount of energy reflected in a

direction back toward the source is much smaller tban the amcount of
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energy reflected in a direction away from the source. This effect

was not found for the grass surface.

Tests of Reflectance of Bermuda Grass .

After the field tests (Chapter VII) were,completéd, a plot of

Berouda grass (Cynodéﬁ &actylon) was taken from the area where the
field tests were conducted. Reflectances were then determined for
the Bermuda grasstlot in the laboratory. These.data,were plotted
to give a.compariSOn to the fieid tests made ﬂniﬁermuda grass and to
give a comparison to the laboratoryrdata_takeﬁ_frém the S#int |
Augus#ine‘grass.

The Berﬁudalgraqs-plot was dug up from the field,iplaced_in a.
pan and taken directly to the laborafqry'for testing. The ﬁiot
consisted entirély of Bérmuda.graéé'and wasg taken'ffom an érea
whére the.gfass was very thick{  The grass was cut to'a'hgight of 2
inches above the ground béfore the tests.were1condu¢ted._ The surface
appeéréd green and'browﬁ‘to the eye. The .tops of the graés was |
mostij green whereas the underlying grass was brown. Some soil
(black Mississippi delta alluvial) was visible-élthough it was mostly
covered witﬁ decayed vegetation, A; least 40 percént'of the pldt |
- consisted of brown or decayed végétation. This same feature waé
present in the test areas from which fiéi& data was taken. The leaf
~ structure was small and randomly oriented. The Bermuda grass structure
differed from the Saint Augustihéjg;ass in thét leaves formed from
the main verfical structures so that soﬁé'af'fhe gtdss leavés had a
‘horizontal orientation. Also the Befmﬁda was not a déep-green like

the Saint Augustine grass and was not well watered. The socil moisture
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content of the test plot was found to be 26 percent;

Figures VI-17 and VI-18 present the relative bidirectional
feflectancg of the Bermuda grass plot. The source was normal to the
surface for the data shown and fhelﬁiewing angle was 15 degrees. A
150 watt light bulb was used as the éource-for the data gshown in
Figure VI-17, and a 500 watt photolﬁmp was.used for thg data taﬁén
in the infraféd region (Figure VI-18).- The data was taken with the

spectroradiometer and recorded on the Fluke digifal vqltmeter. :Only
one set of data'waé taken from the Bermuda grass in the laboraﬁory.

It can be seen from comparing Figures Vi-l?ltO'VI-4-that the
bidirectionallreflectance-for'Bermuda and Saiht Augustine grasses
éfe,almostridentical in the visible region. _it would therefore be
very'difficuit to'distinguish between thgse.tgb grasseé.by using these
curves only, 1In the infrared region (Figures'VI—iS énd VI-S) the
Vreflectance curves for the two érasses'are algp very.gimiiar; however,

"the.reflectance of the Bermuda grass in this region is higher
‘thropghbut than the reflectanee of the Saint Augustine grass plot.
Whether this is a general charaéteristic of the two grasgses or of
just the two plots studied is not known. |

Figures Vij19‘£hrough V1-22 show the effects of source zenith
angle on the reflectanée of the Bermuda grass piot studied in the
laboratory. The data #nd proﬁedure used to calculate the points
shown as the curves are givén in Appendix E. Only one set of data
was taken to obtain these curves. The data at { ; 30° and ¢ = 0° were
Aignoreﬁrin drawing the éurﬁééiéinté the data taken at this point was
very high in the visible region and low in the infrared region when.

compared to the other data. Also there was some difficulty in
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properly positioning the lamps for the data at this point. The
general trend of the data for the Bermuda grass reflectance versus
source angle is very similar ro therresults found for the Saint
Augustine grass. The biggest difference -is that for the Bermuda
grass the variation in reflectance was found to be about the samé
for all the regions of the.electromagnetic spectrum studied. There
is also a slight difference in the shape of the curves. Thése
conclusions are found from comparing Figures VI-19 through VI-22

with Figures VI-6 through VI-9,

Conclusions

The conclusions that were made from the laboratory tests fell
into two categories. These categories were conclﬁsioﬁs having to do
with the technique used to ﬁake the measurements, and conclusions
that could be made from the data taken.

These tests showed that the ﬁechnique used to take data in the
laboratory was easy to use and can result in good reflectance‘dgta
from an integrated natural surface. The major disadvantages to the-.
laboratory technique were the lack of a better standard surface to
which the reflectance readings could be compared and the smallness
of the plot which could be viewed. The standard surface problem
could be helped by preparing a different type'of surface which would
be more diffuse aﬁd a more perfect reflector in the ultraviolet and
infrared regions. The sizelof the spot viewed can only be improved
by hévipg a larger distance between the spectroradiometer and the
test plot. This would require a larger laboratory. The major problem

involved with the test plot sensed being so small (2 inches by 6 inches)
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is that most crops consist of large plants which are spaced some
distance apart so that a large area must be viewed in order to iﬁclude
several plants and the areas in between in the radiometer field of
view. This is necessary to get the reflectance of an integratéd

area representing the type of plot sensed with airborne Sensors.

It was also found from the laboratory tests thaﬁ the photd;
multiplier tube is easily saturated so that the voltage output of the
spectroradiometer is no longer linear with the intensity of the energy
being reflected from the test surface. This is a problem only when
readings are to be made from a standard surface which has a high
reflectance. When reading-from most natural éurfaces, the reflecténce
in the visible region is low enough that this is not a problem.

Another area in which the laboratory technique used to take data
was thought to be limited was how to véry the viewing angle. However,
two ways were found to solve this problem after the laboratory tests
were completed. One way is to use a laboratory with a high ceiling
(25 feet or greater) where the folding mirror can be mounted high
above the radiometer. The second and easiest method found was to
7 vary the angle of the test plot while the readings are being made.
This gethod will give good results only if the structure of the test
plot is not altered by placing it at an angle‘with the horizontal,

The most significant results concluded from the data was that
there are very significant variations in the reflectance of natural
surfaces with source zenith angle and that these vgtiations are not
always the same fbf_aii'feéions bfkfﬁé'éiéctfdmégnétic speCtrﬁm. It
was alsc concluded that the structure of the surféce which is made

up of an integration of individual plants, leaves, or particles is.a'
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significant factor in determining the effects of the source angle on

bidirectional reflectance. The final conclusion made was that in order

to truely understand thg'bidirectional reflectances from a matural
surface that data must be taken at many viewing angles, source angles,
and relative azimuth angles on different plots of the same type of

grass or soil and that the strudiwal characteristics of the surface

mist be better understood.



CHAPTER VII

FIELD TESTS AND RESULTS

In order to fulfill the original objective of developing a
technique to determine the reflectance of natural surfaces in the
natural environment, field tests were conducted. Data was takeﬁ in
the field in the natural eﬁvironment on the reflectance of Bermudal

Grass (Cynoden dactylon}. Data was taken both with the folding mirror

mounted on the moveable platform used in the laboratory and_on the-
balloon system. The field in which the tesfs wére conducted was
covered with a thick stand of Bermuda grass and was cut regularly t6
a height of two to three inches above the ground. The data was takén

in the first few weeks of August, 1974,

Experimentél Techniques

" The first technique used to collect reflectance data was very
similar to that shown in Figure VI-1. The spectroradiometer was !
located at the back of a panel truck on the turntable described in
Chépter Iv. The folding mirror was mounted on the moveable‘platform
used in the 1aboratéfy tests and was at a height of 12 feet above-the
ground. The mirror was positioned to give a viewing angle with the ;
ground of 15 degrees. The folding mirror was at a distance of 150
feet from the spectroradiometer. The sun was used as the séurcé. The
experiment was set up so that the folding mirror was due eaét of the
spectroradiometer, Ihexéfote, the sun was behind thgim;rrotrin the
mornings. The plot from which data was taken wds composed of Bermmda
- grass as described in Chapter VI, The size of the plot studied with

this technique was approximately 6 inches by 16 inches. A photograph

151
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- showing the arrangement of the folding mirror, standard surface and
spootroradiometer is given in Figure VII-1,

The spectroradiometer was aligned and focused visually in the
field. The standard surface was placed over the test plot and the
optics in the radiometer was aligned by ad justing the spring mounted
mirrors until thelspot of visible energy from the standard surface
was centered on the monochromator opening slit. The radiometer was

focused by placing a black strip of cardboard across the staodard
surface and adjusting the focus knob on the felescope until the image
was focused clearly af the monochromator opening.

Two procedures were used in collecting the field data wiﬁh the
plafform mounted mirror. The first way in which data was collected
was to keep the viewiog azimuth and the test plot constant. Readings
were first made from the test plot and then from the standard surface
with the sPectroradiometer. Runs were made throughout one day with
the photomultlpller tube and then throughout another day. w1th the lead
sulfide detector. Readings were taken manually at 5 to 10 selected
wavelengths for each detector used. Readings were recorded every one-
half hour throughout the day. It required from ten to twenty miﬁutes
to take readinés at one time period from both the standard and the
test plot. .Near one o'clock when the sun was at its highest elevation,
a more cooplete spectral scon wao made. Readings at this time were
made at 20 to 30 different wavelengths within the response range of
the detectors used.

 With this fifst'procedure uséd"to-collectrdata; therrelaf£ﬁe
aéimuth_angle (Y) was a variable. The reason for Y varying was that’

the viewing azimuth was due east and the solar azimuth varied from
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almost due east in the early morning to_south at one bfclock‘and then
was almost due west in thé late evening. The more comflete spectral
scan was made when.the sun was near due south; theréfore, ¥ was 90
degrees for the data taken at that time. It wés'asaumed duriné all
the tests that the solai angles did not vary sufficiently during the
time period required to collect a set of data to affect the results
obtained.

In order to try and collect data with the same angular relation-
ships as the data taken in the laboratory and td éee the effect if any
of ¥ on the reflectance, a second procedure was used to collect data
‘with the platform mounted mirror. With the second procedure the
platform mounted folding mirror was rotated for each run so that-
¥ = 0% or ¥ = 180°. With this technique a slightly different plot of
grass was §iewed for each set of data taken; however, the laboratory
test had shown that this should not have any effect on the results.
The mirror had to be rotated and its angle with the horizontal
adjusted for each data set made in order to give a viewing angle of

®Cor ¥ = 1800. Since the mirror was moved for the

15 degrees at ¥ = 0
data taken at each solar angle, the spectroradiometer alignment with
the mirror had to be checked for each run. Because of the time re-
quired to set up using this procedure not as much daté was taken with
this method as with the first procedure descfibed.

To help determine where the sun was located during the day, a
computer program was writtenm and the solar elevation (90°-g0) and
a;iﬁugﬁipéiiﬁere calé;igééaﬂfb;”éil the éé};-inﬂA;é;Qf vefsuéféhé-tiﬁé
of day. A description of this program and sample results are given

in Appendix F. The highest elevation obtained by the sun on the days
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in which data was collected was when Go = 14 degrees. 'This position
of the sun was obtained at approximately one o'clock each day. The
posiéioﬁ of the sun throughout the day can best be visualized frbm
Figure VII-2. This figure shows the end point of the shaddw of a
vertical pole at the center of the chart éne‘unit high for Augdst 15,
1974. The shortest shadow (maximum solar elevation) was obtained
when the sun was due south.

The second technique used to collect déta was by utilization of
the balloon/mirror system shown in Figure III-1, The mirror was
positioned underneath the balloon at an altitude of 100 feet. The
mirror was kept horizontal by the mirror cables and the spectroradiometer
was positioned.on the ground 27 feet from a spot directly beneath the
mirror. The viewing azimuth.was 270 degrees or dué west and the |
viewing angle between the'mirrof and the test plot was 15 degrees.

The distance between the radiometer and the spot fiewed was 210 feet,
The size of the Bermuda grass plot viewed was approxiﬁately 7.5 by
20 inches.

Since the mirreor when positioned with the balloon system had a
slight angular movement which caused the field of view of the radi-
cmeter to vary over an area greater than tﬁe aréa of the standard
surface, it was not possible to read from.the standard surface with the
balloon/mirror system. Therefore, the standard surface was located
beneath the platform mounted mirror used in the first technique. This

folding mirror was located 100 feet to the east of the spectroradiometer.

Readings were first made from the test surface by viewing the folding
mirror mounted beneath the balloon. Then the spectroradiometer was

rotated on the turntable and readings were made from the standard
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surface with the platform mounted mirror.

The balloon had to be taken down and refilled every morning so
that realignment of the systém was necessgary each day, Alignment
with the folding mirrors Qas a problem since there was no way to see
directly the spot being received by the spectroradiometer. Alignment
was accomplished in the field by placing a black piece of cardboard
over the platform mounted mirror and then turning the spectrﬁradiometer
with the photomultiplier tube detector until tﬂe field of view was‘
centered on the mirror as determined by the voltage réading from the
spectroradiometer. The eyepiece on the telescope was then adjusted
so that the crosshairs were ;entered on the folding mirror. It ﬁas
then assumed that by centering the eyepiece‘érosshairé on the.folding
mirro; (whether under the balloon or on the platform) the field of
view of the raaiometer would be centered on the folding.mirror. Due

to time problems in trying td take field data with the balloon system,
the telescope eyepiece alignment was not rechecked after the field
tests with the platform mounted mirror were completed.

When using the balloon technique, it was noted that the angular
movements of the folding mirror were less than + 1/2 degree so that
esgentially the same spot was viewed throughout thé day. However,
since the balloon was taken down each day and put up again, the exact
same spot was not viewed each day since the mirror was not pasitioned
exactly the same every day. Also since the viéwing‘azimuth was kept

constant for each day, the relative azimuth (Y) was a variable

throughout the day as was the solar zenith angle.
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Experimental Apparatus

Most of the equipment used in the field tests has been described
in other chapters. A list of the equipment used includes the balloon
system, moveable platform, folding mirroré, spectroradiometer,>gas
generator, solar radiation recorder, wind speed and direction indicator,
temperature and relative humidity recorder, standard surface, laser
and plumb-bob. Some of these items are shown in Figure VII-3 as
pesitioned for the field tests.

The only item not described previously is the solar radiation
recorder. It was made by the Weather Measure Corporation. The
instrument wés used to indicate the presence and effect of clouds and
as a general indication of the amount of solar radiation being received
at the test site as a function of the time of day. Radiation is
méasﬁred when it passes through a glass dome and heats black and white
- bimetallie strips. The difference in radiant energy absorption of
the two strips in turn activates a pen which prints out a contiﬁﬁous
record on a rotating drum.

The instrument has a slow response time so that its reading could
not be correlated directly with the readings made with the spectro-
radiometer. However, the output of the recorder was Helpful in.
analyzing the data from the spectroradiometer and in better under-
standing the readiﬁgs made.

The balloon used in the field tests contained 1200 cubic feet of
helium. The system was designed, launched and operated as outlined
in Chapter V and Appendix B. Amplg;b—éoﬁ-waé‘uéédrﬁﬁ ﬁositidﬁ the
folding mirror carried by the balloon at the right height and locatién.

Two pounds of tension were pulled in each of the three.mirror_cables.
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The weight of the folding mirror and ité holder and attachments was
six pouﬁds. A six stake érrangement_as suggested in Chapter IV was
used for the cable stakes. However, once the three winches were
attached to three of the stakes they were never moved. The winds
during the field tests with.the balloon were very light‘except for the
fourth day when thunderstorms developed in the area. The winds from
the storms were guéty and variable and caused the balloon and mirror
cables to become twisted. Ihe balloon ripped the next day after

the cables were untangled, and the bailoon had been refilled and was
being re-launche&. .

Several times during field tests with tﬁe balloon syétem, the
laser was used to test the stability of the folding mirror. It was
found from these quick checks that the angular movements of the folding
mirror were very small and that the laser spot after being reflgcted
by the mir;orrgenerélly stayed in an area 6 inches by 6 inches on the
ground. The gas generator was used to power the laser as had been
done in the tests of the smaller balloon systems (Chaptgr 1V) and also'u
to power the.spectroradiometer and the wind speed and direcfibn
indicator.

The spectroradiometer was modified somewhat for the field tésts
from the configufation used in the laboratory. One of these modificé-‘
tions included removing the strip éhart recorder and remounting the
electronics in a 48 inch high rack. This was done .in qrder that the

entire system could easily be placed in the panel truck. All data was

recorded manually with the digital voltmeter.
The other modifications made to the spectroradiometer were used

only when readings were being made with the photomultiplier tube as
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the detector. Sincerit-was known from the laboratory tests that it .
was easy to saturate the photomultiplier tube, a circular piece of
‘black cardboard was cut with an 8 inch outside diameter. A three

inch hole was then cut in the center of the cardboard. The ca?dboard
was placed inside the telescope at the face of thg primary mirror.

To further reduce the intensity of the energy incoming to the photo-
multiplier tube, the focusing optics used at the exit of the monochro-
mator to focus all of the exiting energy on the tube was removed.
This further reduced the energy recorded by the detector 5y a faCEor

of five,

Data Taken With Platform Mounted Mirror

Figures VII-4 and VII-5 presents some of the field dafa taken
with the platform mounted mirror on the relative bidirectionai
reflectance of Bermuda grass. These data were taken in the field
two days after there had been a heavy rain. However, the field was
well drained and the soil moisturé content during the time in which
data was taken was found to be 25 percent. Test runs 103 and 104
shown in Figure VII-4 were both made on the same day. Rﬁn 103 and
105 present the reflectance data taken with the solér plane approxi-
mately 90 degrees to the viewing plane. Run 104 presents data taken
with the solar and viewing planes at approximately the same azimuth,
These data were taken by first reading from the test surface at each

. _wavelength and then reading from the standard surface at the same

wavelengths. _ h R S
Comparing Figure VII-4 to the data obtained for the relative

bidirectional reflectance of Bermuda grass taken in the laboratory
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(Figure Vi-l?), it is seen that theréeneral shape of.the curves is

the same. However, the data taken in the field is considerably higher
in the region from hl= 0.40 microns to A = 0.55 microns. It appears
that this was caused by the photomultiplier tube being saturatg&

when reading from the standard surface in this region in spite of the“
precautions taken to prevent this from happening, The detectof was

not saturated when readings were béing made from the test surface. The’
field data was taken with a source angle of 15 degrees since thislwas
the highest zenith angle reached by the sun whereas the laboratory daté
was taken at a source angle of zero degrees. From Figure VI-19 it is
seen that the reflectance at a source anglelof zero degrees would be
expected to be 15 to 20 percent higher than that taken at a source
~angle of 15 degrees. It should be noted that on thg day on which this
data was taken, the sky was very clear and the monochramator entrance
slit width had been reduced to one miliimetef in order to try to keep
from satﬁrating the photomultiplier tube. It can also bé'geen'frqm,
Figure VII-4 that there is little variation in the bidirectional
reflectance of Bermuda grass with the relative azimuth angle (¥ =g -®0)
at Cq = 15° and 8 = 15°.

Figure VII-5 shows the data taken in the field in the infrared

region on the relative bidirectional reflectance of Bermuda grass.

The composite data points shown are an average of the readings taken

at various solar angles throughout the day. This data is seen to be

slightly lower than that taken in the laboratory in this region. These

slight differences could originate from a number of causes. One of
these is the different solar zenith and relative azimuth angles used

in taking these data. Other factors include experimental errors and
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angd possible differences in the characteristics of the two test plots
from which the laboratory and the field data were taken, in particular
the difference in the soil moisture content. Among the causés of
experimental error which affected the data was the varying solar
radiation due to clouds. The day on which the infrared data was
obtained with the platform mounted mirror it was clear in the morning;
however, by one o'clock when the data shown in Figure VII-5 was taken,
the sky had become filled with clouds. Therefore, it was necessary

to either take data while the sun was-blockéd by clouds or wait for
openings in the clouds and take the data as quickly as possible. Because
of this problem, data was not taken at as many wavelengths as had been
done in the visible region. Also much of the data had to be discarded
because there would be a large change in tbe solar radiation befween the
time readings were made from the test surface and the time that readings
were made from the standard surface.

Data was also taken to see if the effect of the solar zenith angle
~on bidirectional reflectance could be obtained using the platform
mounted mirror. These data wafe obtained by taking readings from the
standard and test'surfaces evéry one-hour from about 9 o'claock in the
morning to 3:30 o'clock in the afternoon. The data for test run 103
were taken with a constant viewing azimuth so that the éaﬁe plot was
viewéd throughout the day. Test run 104 was made by rotating the fold-
ing mirror so that the viewing and solar planes were the same og 180
7§eg;egs apért. The sky was cloudless and the solar radiation as
sensed by the solaf radiatioﬁ”réééfd;f ;;rieénﬁy cosrCougaf-giiifﬂé
data shown in these figures.

It was found when comparing the readings from the solar radiation



166

recorder and the readings taken ﬁith.the spectroradiometer from the
standard surface that the readings made with the spectrorédiometer.
using the photomultiplier tube detector did not follow a cos Co curve.
Therefore, the readings made witﬁ the photomultiplier tube from the
standard surface were assumed to be invalid except for those_made in the
early mornings and evenings when the intensity of the solar radiation
was low. These readiﬁgs made in the early morning and evening were

then corrected by the cos Co to give‘corrected readings from the stan-
dard surface throughout the day. These corrected readings were then
divided into the réadings made from the test surface to give the
relative bidirectional reflectance data éiven in Figures G-1 through
G-7 in-Appendix G.

The data plotted in Figures G-1 through G-7 shows considerably
more variation and a different trend from that obtained in the labora-
tory and is considered to be erronecus. Tﬁe primary item which affected
these readings was variance in the power outpuﬁ of the gas generator.
These were the first runs made in the field and the gaé generator was
missing considerably and at times would cause the readings to drop or
rise by 50 percent or more. The gas generator was later repaired and
this problem corrected, This data was not retaken because of the
weafher conditions which existed for the remainder of the time availablé
.to take data with the platform mounted mirror.
FiguresG-8 through G-16 presentlall the data taken at various

solar angleé in the field in the infrared region. Test run 105 was
 taken with a éaﬁgtant';iéﬁiﬁg'aziﬁuth7éortE§E“£ﬁé feiaffﬁéﬁézimﬁfh'(fj '
was a variable. This data was taken with the platform mounted mirror

but the viewing azimuth was varied so that ¥ = 0° or ¥ = 180°. Test
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run 112 was made with the balloon mounted mirror. For the data taken
with the balloon/mirror system, the viewiﬁg azimuth.was held constant.
All of‘these data were obtained by first reading from the test surface
and then reading from the standard surface. The two readings were
then compared to give the relative bidirectional reflectance.

All of the data taken in the infrared regipn was taken-oﬁ cloudy
days. Because of this there was considerable variation-in the solar
radiation while the readings were being made. This factor introduced
enough scatter in the data so that ény variations in the reflectance
with source angle could not be found. Therefore, only an average line
is éraWn through the data. At A = 0,85, 1,00 and 1.25 microns the data
taken with the balloon mounted mirror appears to show a trend which'
is much higher than the average calculated. Since this appears in. the
data only at these wavelengths and the data at all thelwavelengths for
a particular solar angle were collected at the same time and in thé
same manner for each solar anglé, there is no way to explain the

phenomenon.

Data Taken With The Balloon/Mirror System

Figures VII-6 and VII-7 present the field dafa taken with the

" balloon/mirror system on the reflectance of Bermuda grass as a function
of wavelength, All of thesg data were taken with a constant viewing
azimuth (P) of 270 degrees. Two runs were made ﬁith the photomultiplier
detector on different days while viewing different test plots. The
data taken in the infrared region was made on a third day which was
6vercast. At the time these runs were made, there had not béeh any
rain for over a week, and the field was véry dry. Tﬁe s0il moisture

content was found to be 17 percent,
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The data taken with the photomultiplier tube as a detector was
made with an entrance and exit slit width on thé monochromator of one
millimeter. However, the readings taken from the standard surface from

‘l = 0.40 to A = 0.55 microns used to divide into the readings taken
from the test surface to get the reflectance appeared to be in error
due to saturation of the'deteéfor. This caused the curves in Figure
VII-6 to have a different shape in this region from the curve obtained
in the laboratory. Two curves are shown in Figure VII-6 for dafa taken
on twa consecutive days. The data plotted for.test run 110 is too high
due to an experimental error caused by the alignment of the spectro-~
radiometer with the folding mirror. This problem was dis;overed when
the spectroradiometer was brought back into the laboratory ahd the
alignment checked withkthe telescope eyepiece. However, since the
shape of the curves for test run 110 and 111 which were taken oﬁ fﬁo
different days of two different test plots is the same,.thé ability
to take consistant data with the technique used was substantiated;

The relative bidirectional reflectances as obtained’with the
balloon mounted mirror in the infrared region were higher than those
found in thellaboratory. There was also a slight difference in the

shape of the curve in the near infrared. This effect was expected

due to the difference in the soil moisture content of the test plot

viewed in the field with theAballooﬁ/mirror system and the test plot
viewed in the laboratoryv. The overall increase in the data obtained
wich_the balloon was either due to the alignment proﬁlem.or due to.a
“;ariation inrgﬁé‘sélgr radiation thle the readings were being made

due to the light clouds present in the area.

Figures VII-8 through VII-14 present the data on the variation



of the bidirectional reflectance of Bermuda grass with source angle
as taken with the balloon mounted mirror. Plotted on each figure
is the normélized curve obtained for the visible region in the labora-
tory for those data. 1Tt is seen that this data shows the same general
trend as the laboratory data except for the field data taken in the
afternoon (¥ greater than 1800). Tﬁe data is higher in the afternoon
between the source zenith angles of 10 to 30 degrees due to.gxt;aneous
iight being recorded by the spectroradiometer when the sun is near
the alignment of the spectroradiometer and the folding mirror.

~ The data as shown in Figures VII-8 through VII-14 was obtained
by taking the readingé frqﬁ the standard surface early in the day
aﬁd correcting them by the cos Co. These readiﬁgs were then dividéd
into the readings taken from the test plot with the foldinglmifror
mounted underneath the balloon system. The standard surface readings
were made using the piatform mounted.folding mirror. The days on
which.test runs 110 and 111 were made were clear. Most of the first
day‘in which test run 110 was made was spent in Iaunchiné the baIlooﬁ

and setting up the equipment.

Conclusions

It was shown from the field tests that the bidirectional reflec-
tance of large test plots could be obtained ﬁsing the concept of a
folding mirror. This type of data was obtained both with the folding
mirror mounted on a platform and with the folding mirror mounted

_underneath a balloon. Between the weather and difficulties with the

equipment most of the data taken on the variation of the reflectance

with source angle was either invalid or contained too much scatter

to verify a trend in the data. In order to really understand the
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effects of a variable like source angle on the reflectance of a par-
ticular natural surface much more data than was obtained in this
experiment must be taken.,

It was also éoncluded from the field tests that the spectro-
radiometer as described in Chapter IV was not well guited fbr field
use. In particular, the photomultiplier tubeldetector has too low a
saturation point to be used in natural light and especially with an
eight inch collector. Another problem that arose when using the
spectroradiometer.in the field was aligmment with the folding mirror.
This was not a problem in the laboratory where there was plenty of
time to use the photomultiplier detector to cheeck the spot being viewed
and to align the telescope eyepiece with that point. However, in the
field when the radiometer is moved each day and must be realigned,
there is not enough time available to align the system each day if
runs are to belmade Beginning early in the morning. This is further
complicated if the balloon has to be lowered and refilled also. There-
fore, it was congluded that a quick way to check the élignment.of the
spectroradiometer with the folding mirror be devised before further
field tests are conducted with the system. |

Another conclusion made was that when the sun was shining
through clouds that good readings could not readily be made. It had
been hoped that by reading from both the standard and test surfaces
that the effects of cloud cover on the solar radiation Eould be

_elimipated. Howaver, it was found that the solar eradiation can vary

as much as 50 percent within several minutes when the sun is behind
clouds. Because of this it is recommended that field data be taken

only on clear days and that readings from the standard surface be
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checked only one or two'times during the day to get anlaverage'reading

after correcting by the cos Co. Calculated readings ffom the standard

surface can then be obtained for any time of the day by using the

cos Co where Co is obtained from the program described in Appegdix F.
The final conclusions are about the use of the balloon system

for positioning a folding mirror. The technique ﬁas found to work

well; however, it involved a great deal of time and effort to make

the system work properly. It was seen that if is imperative that the

balloon system be used only at times when the weather is good. This

eliminates all but a few months of the year for Southern Louisiana.

Also due to the difficulty found in using the balloon system, it is

recommended that the platform mounted mirror method be used uniess.

the area to be viewed is so large that this technique can not be made

to work.



CHAPTER VIII

SUMMARY AND CONCLUSIONS

A technique based on the concept of using a large first surface
reflector as a folding mirror was developed in order to obtain bi-
directional reflectance data from large integrated natural surfaces.
The technique consisted of using a spectroradiometer with a small
angular field of view. The spectroradiometer is mounted on a turn-
table with three degrees of freedom. Readings of reflectgd energy
are made by positioning the radiometer to read from the-folding.mirror
which reflects the energy from the surface béing tested to the
radiometer. Reflectance is obtained by dividing the readings made
from a test surface by readings made from a standard surfacg.

The technique was used in three ways to obtain reflectance data.
The first data was taken by setting up the equipment in the laboratory.
In this case the folding mirror was mounted on a movesable platform
which was stationed some 60 feet from the spectroradiometer. The
test plots were placed in a pan.beneath the folding mirxror. The
viewing angle for all the data taken was 15 degrees from the normal.
This method was used ﬁo take bidirectional reflectance data on Saint
Augustine and Bermuda grass and black alluvium soil, Data was taken
in a wavelength range from 0.33 microns to 3.0 microns and at source
angles from -60 degrees to +60 degrees from the normal. Photolamps
were used as the source for the data taken in the 1aboratory;

' A'sécond set of data on the reflectance bfABéfmuda.éfhésiﬁéé
taken in the field. This data was taken in a similar manngr'to that

‘described above except that the folding mirror mounted on the moveable
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platform was 150 feet from the spectroradiometer. Also the sun
became the source in the field tests, and the radiometer was powered
by an electrical gas-powered generator. A third set of data on the
reflectance of Bermuda grass was obtained by mounting the folding
mirror 100 feet in the air with a tethered balloﬁn system. Data was
taken in the same manner as before except that the folding mirgor was
located at a different place, and there was small variation in the
exact plot of grass viewed due to slight oscillations of the folding
mirror (test rums 110, 111 and 112),

In order to make reflectance readings a sﬁectroradiometer was
designed around existing laboratory equipmeﬁt and built. An eight
inch Celestron 8 ;elescope was avallable and was used as the collecting
optics. A Perkin Elmer Model 99 monochromator was also available and
was used as the wavelength and bandwidth selector. Fqcuéipg énd
matching optics to transfer the energy from the telescope to the
monochromator were designed and built, A 1P28 phétomultiplier tube
was used as the detector in the ultraviolet and visible poftions of
the electromagnetic emergy spectrum. A lead sulfide detector was used
in the region from 0.68 microns to 3.0 microns. All of the optical .
and detector portions of the spectroradiometer were mounted on a
turntable to give three dimensional freedom to ;he system. The entire
device was placed in the back of a truck when taking fiéld data, - .

A Perkin-Elmer Model 13 amplifier was used with the spectro-
radiometer. The amplifled signal was recorded either om a Leeds and

-Northrup Speedomax G strip chart recorder or read from a dlgital
voltmeter. Control of the spectroradiometer was made through the

electrical system which was mounted in a 19 inch rack. Cables which
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were easily disconnected were used to connect the rack mounted and
.turntable mounted portions of the spectroradiometer.

Another major system designed for this investigation was a
tethered balloon system used to position the folding mirror above
the ground. This system ﬁas designed and tested using 800 cubic foot
balloons. From these tests it was found that_a mirror could Be
positioned with a tethered balloon system with little lateral movement .
However, it was found that one to two degrees of angular oscillations
could be expected from the folding mirror. A final ballbon-system
was launched and used to take reflectance data. The'fihal system
utilized a 1200 cubic foot balloon. Three main cablgs were used. to
position the balloon, Theée cables were wound on winches which were
attached to iron stakes in the ground., Three smaller cables weré
used to position the folding mirror which was attached underneath the
balloon. The oscillations of the folding mirror used on the final
- system was found to be less than one degree.

Data was obtained on the relative bidirectional reflectance
(ratio of readings taken from a test surface to the readings taken
from a standard surface under the same conditions) of Saint Augustine
grass, Bermuda grass and black Mississippi delta alluvium soil. This
data w;s taken with a viewing angle of 15 degrees from the normal
and at gource angles of zero and 15 degrees. Data was also obtained
on the variations in the bidirectional reflectance with SOurcé anglé
for the test surfaces mentioned. This data was taken both in the
i;g;fégbry and.i;-khé field fof-ﬁerﬁﬁda gra;é;

There were a number of concluszions which'fesulted from the

investigation. These conclusions fell into four categories; those:
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having to do with the technique devel oped; thOSe about the design and
use of the spectroradiometer; those dealing with the tethered balloon
system; and those that resulted from the reflectaﬁce data taken. All
of these areas are discuséed in‘the following paragraphs.

The technique of taking reflectance data by using a large first
‘surface reflector as a folding mirror was found to work extremeiy |
weil. The data received using this technique was consistent and
repeatable, The refléctance data generated from the grasses also
#gréed in general with the data presented in curreﬁt literature for
similar substances. The major advantage to the technique is that it
allows large areas of a natural surface to be used in obtaining
reflectance data. The technique of using a folding mirror also allows
the spectroradiometer or other type of detector system tb be placed
on the same general level as the surface viewed and still to take ‘
dafa on the energy being reflected above the surface,

It was found, as expected, that much better data can be oﬁtained
when tﬁe technique is used in the laboratory. It is therefore
recommended that the technique be used entirely in the laboratory to-
receive data unless atmospheric or solar effects are to be studied.
It will also be necessary to take data in the field if the laboratory
is not large enough that the distance between the detector system and
the surface viewed allows a large enough field of view to include a
well integrated sample of the surface to be stﬁdied. It is not .

recommended that the balloon system be used to position the folding

mirror in the field unless it 1is the only way possib&e<t6 obﬁéin )
the data required due to the complexities and difficulties ehcountered

when using this system.
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The spectroradiometer that was designed and built was élso
“found to work extremely well in the laboratory. It was pos#ible with
the system to record reflectance data for very narrow bandwidths of
energy from 0.30 to 3.0 microns. The system also recorded the energy
in a very small angular field of view. The biggest éroblem encountered
with the system was saturation of the photomultiplier tube detector.
This problem was easily remedied in the laboratory tests by using a
lower intensity source. Because of this problem it is not
- recommended that the spectroradiometer as presently configured be used
in field tests due to the high intensity of the solar radiation.
However this problem could be solved by using a different type of
detector in the visible region or by using some type of transmission
filter to reduce the intenéity of the energy received in the visible
region.,

The use of a tethered Halloon system to position an object such
as a folding mirror at a point in the sky worked only as long as the
- balloon stayed fully inflated and the winds were not too severe.
When the system worked as designed, the mirrar could be positioned
with lateral movements of less than one inch and with angular move-
ments of less than one or two degrees. The biggest problem with the
system used in these investigations was that the balloons used did
‘not meetlthe specifications of the original design study. The balloons
had a high leak rate, did not maintain their aerodynaﬁic shape d;ring
gusty winds and the stabilizers did not operate properly. It is not
fééoﬁmendéd tﬂaﬁ furthe%\ﬁbfk Bé doné_in-fhis‘érea Laiéés-if is fbﬁﬂd.d
that balloons can be purchgsed or built which are better designed to

meet the requirements of a tethered system as outlined in this report,
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A considerable amount of reflectance data was 6btained on grasses
and soils during the in§estigations. It was found that soils and
grasses have a low reflectance in the visible region. In the infrared
region, the reflectance of grass is very high from 0.75 to 0.90
microns, whereas the reflectance of soils is low in this area. Further
out in the infrared region (1.5 microns to 3.0 microns) the bi-
directional reflectance curves of the two surfaces are very simiiar.

It was found from the laboratory tests that in the ulpraviolet region
the reflectance of the soil was much higher than the reflectance of
the grasses. As expected, there was a characteristic peak in the
‘reflectance of the grasses in the visible region near 0,54 microns
which is associated with the green color of the grasses.

Data was also taken on the variations in the bidirectional
reflectance with source angle. It was found that significant variations
did exist and that these variations were very different for the soil
énd.grasses. It was found that for one of the grdsses and the soil
studied that the wvariations in the reflectance data shoﬁed significant

changes as a function of wavelength.
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Characteristics of Thermal Radiation

All bodies at a temperature above abgolute zero emit energy due
to the temperature of the body. Thié energy is normally referred to
as thermal radiation. Thermal radiation is associated with the
molecular vibration and/or rotation of a system and as such is a
function not only of the temperature of the system but also the
subsfance and molecular structure of which the system is made. Energy
emitted in the same wavelength range as thermal radiation due to non~
thermal effects is possible but is negligible for most cases.

The tétal amount of thermal energy emitted from a bodvy can be
obtained from the Stefan-Boltzmamm law, E = So‘T4 [54]1. 1In thiéurelationr
ship, Elis'the total amount Bf energy emitted by the body, € is the
total emittance of the body, @ is the Stefan-Boltzmann constant and T
is the absolute tempér#ture. The fotal’emittance is defined as fhe
ratio of the total energy emitted from a real body to that emitted
from a black or perfect body at the same temperature.

A black body is an ideal body or surface which is a perfect
radiator and a perfect absorber of thermal energy. Therefore, for a
black body the energy emitted is a function only of the temﬁerature:of
the body and is the maximum amount of thermal energy which a body at
that temperature can emit. This ideal case is called a bilack body
since such a surface would appear black to the eye at room temperature.

Surfaces which appear black, however, are not black bodies. For'
instance soot which appears black to the eye absorbs égi} 95“§ércéﬁt“‘ o
of the thermal radiatiom rather than 100 percent which would be

necessary to classify it as a black body. A black body is best
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represented naturally by using a holiow enclosure with only a small
hole in it. The hole can then be considered a black body.

Max Planck, near the turn of the century, developed theoretically
an equation for the intensity of the ;hermal energy being emitted from
a black body as a function of wavelength. Planck using the quantum
'theory that radiation is made up of a multitude of finite parts found
that the distribution of monochromatic, unpolérizéd thermal energy
emitted by a perfect system of dipole oscillators (that is, a perfect

emitter which is a black body) is

br = 5 Lexp C.AT) = 1
A 2
where
Ebl = monochromatic energy emitted normal to the surface
= wavelength of emitted energy
C, = 5.889 x 10”6 ergil-cmzlsec
C, = 1.43879 cm-k

This distribution is shown plotted in Figure A-1. By differentiating
with respect to A and setting equal to zero, it can be shown that this
relationship obeys Wien's displacement law that AmaxT is a constant [55].

Performing the calculations results in

A T = 0.2883 cm-°K
max

which corresponds to experimental results. This line is shown plotted

in Figure A~1. The monochromatic linear polarized radiant energy

normal to the radiatiﬁg'sﬁrfacé is“EbAYZ. _Theﬁmonééﬁrbﬁatic't&diﬁtiﬁﬁ"

in the hemispherical space above a radiating surface element is nEbl'
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By integrating to find the area under the curves iﬁ Figure A-1,
the total energy (E) emitted from a black body can be found. This
. gives the same results as.for the total energy radiating from a
surface as obtained with the Stefan-Boltzmann équation when the

emittance (€) is unity. Therefore,

It is noted from FigurelAfl that as the temperature of a black
body increases the peak of thé energy radiated is shifted to a éhorter
wavelength. Also there is a sharp decline in the intensity of the
energy emitted at wavelengths shorter than the wavelength at wﬁich the
maximum energy is emitted. .This‘acc0unts for an object not fiowing
or emitting radiation in the wvisible region until & certain temperature
is reached. An object as it is heated éill first glow dull red as it
gets hot enough to just emit in the visible region.  As the temperafure
is increased, the object will glow more intensely and become yellow,
white, and then bluish in color,

Most thermal radiation received on the earth comes from the sun.

A plot of the solar spectral irradiance is given in Figure A-2. This
curve was originated by NASA [55] and at present is considered thé
best estimate of the solar spectral irradiance of the earth at the
average sun-earth distance in the absence of the earth'S'atmosphere.
Using the standard curves developed by NASA, the integrated value of
the solar energy received by fhe earth is 135.1 mw/chz.

 Using the NASA’Eata the effective black body temperature of the
sun was found to be 5630.7°K. This was calculated'bf finding the

temperature of the normalized blackbody curve which minimized the area
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“enclosed between the blackbody curve and the standard solar cur§¢. If
the temperature of the sun is computed by Wien's displacement law;
that is, hmaxT = constant from Figure A-2, the sgn's temperature is
found to be 6166°K. lmax was taken to be at 0.47u.. Using the Stefan-
Boltmann equation, the temperature of the sun is calculated to be ‘
5762°K. The Stefan-Boltmann constant, ¢, has a value of 5.6699 x 10"12~

watts per.sq cm—oK4 [57].

Thermal energy is categorized according to the wavelengfh of the

emitted or.reflected energy. The visible region is from 0.4 to 0.7
microns and is so called because the human eye is responsive tdlenergy
in this region. It is interesting to note from Figuré A-2 that the
solar energy peaks in this region. In the visible region, thé eye
and mind interpret energy in the Qavelength range of 0.4 to 0.5 microns
as blue, 0.5 to 0.6 microns as green and 0.6 to 0.7 microns as fedf '
Energy with a wavelength less than 0.4 micfons ié called ultraviqlet,. |
and energy with a wavelength greater than 0.7 microns is called infrared.

The infrared region is considered té end at 1000 microns and the micro-
wave region begins. Energy in the infrared fegion'caﬁ be focused wifh '
mirrors, lemnses, and other optical devices like:visiblgllight. It can
alsc be transmitted through sohe materials which are opaque tb vigible
light. Forty per cent of the sun's energy conveyed fo the eéfth is.in |
the infrared region. Energy with a wavelength longer than 1000 microns .
is not considered thermal in origin. The infrared regidn-is often
divided into three arbitrary regions; 0.7 to 1.5 microqs isrthe near

infrared, 1.5 to 6 microns is the middle infrared and & to 1000 microns

is the far infrared region.’
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As a body is heated, the frequency of propagation of the_emittéd
energy increases and the peak of the energy distribuﬁion curve is
shifted to shorter wavelengths. Thué all bodies emit energy in the
infrared region, but it is only when they are heated to a relatively
high temperature that they emit energy in the visible region. The
normal temperature of the earth is 300°K in which case the energy
peaks at approximately 1l0u and can only be detected with sensitive
instruments called thermal detectors [58].

Figure A-3 shows a representation of thelemitted energy_from a
black, gray, and real body such as a natural surface, all af the same
temperature.l For the Stefan-Boltzmann Law, E = e:tJT4 we can find the
eﬁergy emitted by a black body by letting ¢ = 1.0. However, for real
surfaces the emittance can range from 0.05 to 0.95.- If we assume that
the emittance, ¢, is not a function of the wavelength, then the surface
is considered to be a graylbody and the emitted energy is as shown,
Actually, the emittance of a real.surface ié also a function of wave-
length and causes the monochromatic emissive power curve of natuyral
surfaces to look somewhat as shown for the real body in Figure A-3.
The term monochromatic or spectral refers to the fact that most thermal
properties are a function of wavelength as well as femperature. The
monochromatic emittance (el) of a surface is defidgd as the energy
emitted at a temperature T and a specific wavelength fo the energy.
that would be emitted at that wavelength if the surface were é!black
body at temperature T [55]. Written symbolically,

E, (T, system)
Ebl (T)

ER(T’ system) =
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The overall or total emittance is
- :

rl
Jo el(T’ gystem) EbK(T) dA

€(T, system) = -
! [+ =]
Jo

Ebk (T) dx

Like emittance, reflectance is also a function of‘wavelength_and
surface temperature. Reflectance is defined as the ratio of the
incoming radiation to the outgoing radiation if the emitted energy is
omittéd. Reflectance can also be defined totally or monochromatically.
' Therefore, curves similar to those shown in Figure A-3 are represen- .
tative of the reflected as weil as the emitted energy. Due to the
natural situation that exists on the earth, most measurements made . | o
in the visible and near infrared region of natural surfaces in a
natural environment are of the reflected energy originating from the
sun, Méasurements made in the far iﬁfrared are generally from the
emitted energy fiom tﬁe terrain. A representation of‘this is given-l
in Figure A-4. The relative intensity of the energy sensed in the
different regions is not shown to scale. -

Reflectance and emittance as definediare still incomplete in their
definitions due to the angular characteristics of these properties
for natqral surfaces. Total hemispherical reflectance was defined as
the inverse of the ratio of the total energy ingoing to a surface
element (dA) through a hypothetical hemispherical surface enclosing
the surface element to the total amount of energy being reflected
outgoing through the hemisphere (Sée Figure A-Sd). Bidirectional

reflectance is the ratio of the intensity of the reflected enexrgy

outgoing from a surface at a particular angle to the intensity of the
incoming energy at any other angle (Figure A-5a). Directional emittance

is similarly defined in terms of the intensity of the enérgy emitted
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at a particular.angle to the.inténsity of enefgy that would be produced
by a black body at Ehe same  temperature at that angle. Diffuse
directiﬁnal reflectance is defined as the ratio of the energy Being'
feflected in a particular direction to the toﬁal diffuse energf
incoming to the system (Figure A-5¢). Nome of these definitions for
reflectance fit exactly the conditions that exist when doing rémoce_
sensing of natural surfaces in the natural environment since solar
radiation aftgr paséing through the atmosphere contains both spectral
and diffuse components. Therefore, reflectance as used in remote
senging is based on a combination of the definitions as giﬁgn in
Figure A-5a and A~5c and like the emi;;ance is a éirectionﬁl quanity,

Since the directional cha;acteristics of reflectance-and emittance
are used in remote sensing, feflectanée and emittanpe are functioné_ 
not bnly of the temperature and wavelength, but also theidirectional
quanfities; Thus ﬁhe reflectance and emittance isla function of the-
‘temperature of the surface, wavelength, nature of the incoming energy,
angle at which the energy is being read, as well as the molecular
structure of the surface.

One of the problems involved in measuring the reflectance‘and
emittance characteristics of natural surfaces in the naturalxenvironmen?u
is defermining the characteristics of the solar irradiation. Figure
A-1 gives a best.estiﬁate of the solar irradiance on the,ear;h'assuming
the earth hés no atmosphere. However, the atmosphere a;ts as an
atténuation of this incoming radiation in many ways.k Also since’
atmospheric conditions are a variable, thefe will be a variable gffect

on the radiation received on the surface of the earth.
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Lord Rayleigh was the first to theorize about light being scattered
by dust particles and molecules of air. He Sﬁated'that the ineensity
of the light scattered by suspended particles iﬁ the atmosphere is
inversely proportional to the fi:ét power of the wavelength. Therefore,
the effect of scattering is much greater in the ultraviolet region
than in the visible region. Also since the violet and blue wavelengths
are shorter, energy repreeented by these colors is scattered more ahd
results in a red sunset since the light is traveling a greater distance'
through the atmosphere. |

Solar radiation is also attenuated by the etmosphere due to the
presence of gases which block out or absorb the solar energy at yarious
wavelengths. These effects are shown in Figure A-6. The transmittence
(TK\ as shown ie defined as the per cent qf energy transmitted through
the-atmosphere to the total amount incoming. ‘In some regiens‘the
tfansm1331ons is blocked almost completely by water vapor carbon‘
dioxide or a comblnatlon of the other gases present in the atmosphere.
The regioms which are relatively open are often called windOws,. It is
‘noted that the visible region is one such open region.‘ Due to the
water vapor in the air, the atmosphere virtually closes,energy tfansf
mission beyond the 25 micron wavelength region to the microwave region.
Because of this effect, measurements madée in the infrared region are
generally limited to the infrared windows; |

.The question must now arise as to what it is that we measure when
- we use a remote sensing'deeice. This is best_represeneed by Figure A-7.
The energy measured is thaf incoming at a specific angle from e‘neturei 1‘
surface to a remote sensing deViee on board en aircreft.or safeilite.

This energy.is a function of the solar irradiance.(Gsun), atmospheric - -
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transmissivity (Tl)’ and the reflectance (pl) and emittance (¢,)
properties of the surface, all functions of wavelength (A)}. The
reflectance and emittance are also.functions of the orientation Of.
the irradiance (¢:8'), the sensing angle (w,e), the temperature of the
surface, ;he surface conditions and the.surface itself. Other factors
which are involved include the effects of the_atmospherg/in gcattering
the solar energy so that both a diffuse and a spectral component
result and the difference between tﬁe transmissivity effects o#ithé
incoming solar energy and the réflected‘energy outgoing from the
terrain to the aircraft, All of these factors make it rather difficult -
to interpret the infdrmatioﬁ received by remoté‘sénsing.

| Simply stated, the energy measured by remote sensing is that
energy reflected and emitted by the surface transmitted.to the sensing
device. However, in order to interpret this information so that
identification of the surface is possible, kﬁowledge of thé effects
of all theé factors mentioned in the paragraph . above must bé known. .In -
many practicél applications now being made of remote sensing, theée.
problems are minimized by sensing on days when atmospheric cdnditioﬁs
are similar and by maiﬁtaini;g the sensing angles and-the sun's aﬁgulaf‘
orientation the same. Ground truth measurementslare then made to
determine specific. spectral characteristics of the refiectance properties
of the surfaces to be identified.

If we congider measuring the incoming enérgy from a natural surface

to a remote sensing device as a function of wavelength, then the déta .
received can bé calléd a spectral characte;isﬁiC'of the gurfaﬁe ﬁgasuééd.-' 5
However, in order for this characteristic to be useful in identifyingl |

the surface, the effect of all major variables on this characteristic
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may be required unless groundrtruth measurements are obtained which
can be used to eliminate these variables or a uniqﬁe paﬁtern is found
independent of the vériables. The larger the wavelength spectrum
over which spectral data can be obtained, the more likelihood a unique
'identifying pattern can be found. Thus each natural surface may have
a unique spectral pattern which if known can be used to identify the
surface. ' By using the entire thermal spectrum and:diviﬁing it into
‘small enough wavebands, the effect of many of the natural and system
variables may also be determinable. If so, identificgtion.of natu;al
surfaces and surface characteristics can be more easily made and undér
less strenuous conditions than now required.

Figure A-8 shows ;he type of instruments which are uéed in remote
sensing and the wavelength range in which they can be'ﬁsed Phbtography
is a common means of remote sensing but does not readlly lend itself
to automatic processing and is limited in the Wavelength range of the
energy it records, |

“Thermal scénners are used tb record data in the infrared region,
" These devices convert the intensity of the energy measured in a small
wavelength spectrum into a voltage reading which is recorded, These
deﬁiceé can be operated day or night. They are described in greater
detail in a later section. |

A multispectral scanner is a series of mgasqringlinstruments of
the same nature as the thermal scanner except that the entire thermal
energy spectrum is divided into as many as eighteen regions, andltheﬂ
energy in each of these regions is recorded.‘ This type of tecﬁniQQe‘

can be used to make a complete spectral recording of a natural surface
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if enough devices aré used to divide the thermal wavelength sﬁectrum
in;o smail wavébaqd regions.

Radar and microwave systems are based on energy measurements usiﬁg
sources that'ére not thermal in origin and are not considered in this
report. However, they do have an advantage over methods based on
thermal radiation in that longer wavelength energy in this region is
not blocked by the atmosphere. .Therefore, they can be used day or
night and in any weather conditions since the longer'wavelength‘enefgy

used in radar is not affected by cloud cover.

Photographic Svstems

. The moét widely used remoté sensing device is aerial phAtogréphy.
Photqgraphic systems range from émali hand-held cameras used‘with 1ighf
airc¥aft to complicated multiple cameras that pho;ograph in different
- regions of the electromagnetic spectrum.which afe carried in thé-bay
or cargo area of large nulti-engine aircraft. These systems récord
on photographic film the selective reflection of the sun}s energy
from the terfain. Just as each object has its own particular color,
so will each terrain feature have a particular reflectance curve in
the ultraviclet and inf?ared region és well, Many timeaiwith an aeriai 
. camera system, selective fgrrain features can easily be identified from
the resulting photographs.

Reméte sensing by photography is relatively cheap and simple and
is gene?ally the most advantageous method of doing remote sensing if
the information one is seeking can bé obtained this way;r However,
photography has not been developed that reséonds to energy emissions .

throughout the electromagnetic spectrum, Perhaps the biggest
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disadvantage to photographic techniques is that they are a qualitative
rather than a quantitative method. That is, photdgraphy records the
intensity of the energy reflectéd from the terrain in iarge banﬂwidths
and only approxima£ely. A photograph will not tell you in exact
terms the amount of energy received nor what is its exact waveiength.
Because of this, a photograph will ndt look exactly like the original
terrain, Photograpﬁs are also not readily amendable ts automatic
processing. For these feésons, the information whi&h can be recorded
by bhotography is limited in nature and use. However, photographj is
still the most common me thod use¢ in remote sensing. |

The two variables which are important in photography aré the
sensitivity of the film and the bandwidth and amount of energy alloﬁgd
to reach the film. The fuﬁdaﬁental mechanism usea to cqntxol‘the\aﬁount
and type of energy reaching the film is the camera. In its simpleét
form, it is no more than a darkened box with a pinhoie in one éide.

The film is fixed_in place on the opposi;e side'of the box. The only
disadvantage to this simple type of‘arrangemént is fhat,a‘pinhole'dqes
not admit much light, and therefore an unduly long time would be fequired
for exposure. Therefore, a lens which admits more light and focuses

the light onto the film is generally used instead of a‘pinhole.'

The most 1m§ortant element of photography from the standpoint of  ,-
the engineer or sciéntist involved in remote sensing is the film. The
camera is basically an optical mechanical device uséd‘tp project the
energy coming from an image onto the film, The film hoéever must record
this energy in a manner that is as reproducible ahd as consistent as |

possible. Since most photographs obtained in remote sensing are analyzed



by the human efe, the response of the film and resulting picture should
also match that of the eye as closely as possible.

Modern ordinary films use silver salts or halides as the iight
sensitive emulsion. This is fixed on a baéking or support which is
generally cellulose nitrate or acetate. This.coating of emulsion
fanges from 0.0012 ﬁo 0.0016 inches thiék; Emulsions can be made
sensitive to many different ranges of the electromagﬁetic energy
spectrum as shown in Figure A-9, Printing paper is an exémple of a
type of film which.is sensitive only to the ultraviolet and blue region
of the spectrum. Because of this, a red or yéllow light will not
expose printing paper. Orthochromatic film is film that is sensitive
to ultraviolet, blue, and green light, Therefore, this,film wiil not
respond. to a fed-light; Many earlier films were of this type;

The most common f£ilm in use today is called panchromatic. It is
senéitive to ultraviclet as well as ail of the énergy in the visible
range. Because its sensitivity range is very siﬁilar to‘that,of.the
human eye, it is considered the optimum for most uses, The image
produced is shades of black and white corresponding generally fo the
intensity of the energy feéeived in the'visible range from the object

or terrain photographed.

Panchromatic film is developed and used in a manner similar to that

"discovered by Tolbert. The image to be photographed is focused through

the cameré lens onto the film and the shutter opened for a predetermined
amount of timg. The light entering the camera sensitizes the gréins

of silver salt in the emulsion. The grains of silver salt_that héyd
been écted upon by the light will be turned ;o‘silver_when the film

is emmersed in a developer solution. Next, the film is washed in an
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acidic stop bath to stop the action of the developer. The film ig
then bathed in a solution called hypo which waShes'thtrunaffected'
silver salts away, and finally it is.rinsed in water and dried [59],

The film is then left with blackened silver where the light
activated the film and clear where there wasrné light. Since this
is the reverse of the photographed image, it is called a negativé. A
positive.is made by putting the negative over similar light semsitive
paper and passing light through the negative in such a manner that it
exposes the emulsion on the other piecé of light sengitive paper. The
second film will be the reverse of the negative and is called positive
since its tonesg correspond to tones or intensity of reflected energy
as they existed tn reality. The positive is developed and processed
in much the same manner as the negative. |

Resolution of the film is determined by the grain size of the
silver salts. If we consider the picture pattern as ﬁade up of
individual grains or clustérs, no smaller details could be represented
than the grain size. 1In the actual case, location and‘iight intensity
affect.résolution as well as film processing. However, grain size is
a limiting factor and for this reason the silver salt crystals are very
numercus. For example, in the case of panchromatic £ilm the grain
size is of the order of 0,2 microns.

One problem involved in film is the halation effect which is the
reflection of light from thg emulsion support 1ayers‘after the light
‘has passed through the emulsion. This effect can produce a halo effectr
around the object if long exposure times are required.‘ Halation ig
reduced by using a dye coating on the film support that absorbs any |

energy transmitted through the emulsion,
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Another problem invelved with films is that duriné developing the
emulsion swells when it is wetted and then shrinks when dried. In
order to counterbalance this effect, a hardened gelatin is'put on the
back of the film support in order to keep the film from curling,

One of the problems involved with the use of black and white film
is that the image formed represents the total energy refiected'fhrough-
out the ultraviolet and visible spectrum withoqt regard to color. This
means that a green object that reflects as much total energy as a red
object will look the same. Therefore, with black and white £ilm,
most objects must be distinguished by shape rather than color. Iﬁ the
case of the reflectance curves shown in Figure A-10, the intensity
or lightness of an.object in the terrain in a photograph will be the
same if the area under the energy reflected curve is the same in the
visible region and if panchromatic film is used. Hﬁwever, if fhe
range of the éensitivity of the film is extended into the infrared |
region as shown in Figure A-9, the tones will be different for live
green vegetation as compared to green netting.‘ If a filter or blocking
lens 1g used that allows only the infrared enefgy to enter the camera,
the tones oﬁ black and white infrared film will be even more distinctive
for the reflectance curves éhown in Figure A-10c.

Black and white infrared film.is made similar to panchrbmatic film,
Most silver salt emulsions are éensitive only to ultraviolet and blue
light and must be treated with special dyes to make thg film sensitive
‘to the longer wavelength energy. By further treating the emulsion,
film manufacturers have been able to extend th? sensitivity of the
emulsions to energy in the near infrared region., The response of th;s'

type of film is shown in Figure A-9. Increasing the sensitivity of
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the film to wavelengths much beyond 1.2 microns appears to be
impréctical since it would be difficult to keep the film from being
exposed by the emitted energy from the film's surrounding of by the
camera itself [60].

Infrared photographs of radiation in the middle and far infrared
wavelength range can also be made by electronic means. The photograph
iz made from a recording of an eiectrical signal produced by an
infrared detector, The recorded eleétrical signal 1s used to vary a
light source which point by point exposes a segment of photographic
film. Thus, an image of the infrared radiation is pfoduced.

Another improvement that increased the usefulness of photography
for remote sensing was the manufacture of normal color film. With
color film, the incoming radiation can be recorded in three different
bandwidths correéponding roughly to blue, greenm, and :ed.light (éee
Figure A-11). The emulsién of color film is similar to that of black
rand white film in that it also consists of silver salts; ﬁowgvef, three
layers instead of.oﬁe are used as shown in Figure A-11 [60]. Each
layer reacts the same as for black and white film except that by
special treatment during manufacture each léyer ié made sensitive to
4on1y a certain portion of thé visible regibn of the energy spectrum;
Also a blue blocking filter is used as .shown. The results are film
in which the top layer reacts to blue light, the sepond layer to green
light, and the bottom layer to red light.

The exposure of color film with a camera is the samé as in black
and white film, Light is captﬁréd on each layer in response to the
intensity of the light in thé region in which each iayer is sensitive.

In the first step of development, the exposed halides in each layer
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are turned to black erystals of silver salts., This is the same as for
black-and white film., There are two types of processes.from this
point on in the de#elopment.of color film. One process, the:colof
negative process produces a negative prior to making a print. The
second process is called color reversal and results directly in a
correct tone color transparency from the film. The seéond'process is
éenerally used in making color slides.

In the color negative process, the black silver salts in each
layer are replaced by complimentary colors to the basic colors of blue,
green, and red. That is, the silver grains in the blug 1ayers are
replaced by a yellow dye._ The silver grains in the green layers ér;
réplaced-by magenta dye, and the silver grains in the red region are
replaced with a cyan dye., The complimentary colors are used since
yellow is composed of red and greén light which is the absence of
blue, Similarly magenta is composed of red and blue wavelengths and
cyan is coﬁpOSed of blue and green light. The resulting ﬁegative is

a true color negative in that the opposite or compliment of each color’
has been used in the layer sensitized by light with fhé wavelength of
the originai color. Therefore, when white light is shown back through
the coior negative and a similar type film is exposed, a positive
corresponding to thg original colors of the object photographed will
be produced. |

Therefore, the color negative process is very similar to the
black and white film process; Iﬁ summary, the silver salts of the
three sensitized 1ayers‘are devéloped and replaced by the comﬁlimentary
colors of the colors of the original object. The unused salts are

washed away, and the negative is then used to make a positive by
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eﬁposing through the negative a2 piece of color printing papér similarly
sengitized. The accuracy of this techniqﬁe in color representation
that is, the amount of eﬁergy being reflected in each regioh, ié
dependent on the sensitivity of the film (see Figure A-11) and the
characteristics of the dyes used. Fof scientific purposes the final
color tone should bé matchea as closely as possible to.that of the
original object or terrain photdgraphed. For art'photogréphy this

may be of little importance.

With the color reversal process, the partially develoPQd-film'
itself is exposed so the complimentary layers are activated. The
salts in the original sensitized layers afe then washed away leaﬁing
only the compliments of the layers which were washed away. This
results in the original colors of ;he object on the oriéinal film
which is usually used as a color transparency. |

During World War II another type of film was developéd call
Camouflagekbetection film. This film was the first use of color infrared
film, It was given this name, since éamouflage could readiiy be iden;
tified using this type film, Thé sensitivity of a typical color
‘infrared film is shown in Figure A-12, With this type film the ultra-
violet region is usﬁally eliminated by using a filter which blocks
~out all energy with a wavelength shorter than 0.4 microns.

In order to see the energy in the infrared region in a color phqto-
graph, a color must be assigned to the energy in this regidp.-‘When this
is done, only two colors remain to be assigned to the energy in the
visiﬁle spectrum, This means for example that for the film shown iﬁ_ 4
Figure A-12, blue and greén reflected energy is photographed asrblue,.

red is photographed as green and infrared energy is photographed as red.
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Since the colofs are switched, this is referreﬁ tb‘as faise coloring.
Different color combinations are possible so that color infrared Ffilm
is not restricted té the color combinations given in the example,
FaléeAcoloring can also be produced with regular colordfilm by sﬁitching
the chemical dyes used in the different layers of the film.

Infrared photograﬁhy is importaﬁt and useful when the reflectance
of the object to be sensed is very different in the infrared region
from the surrounding even though the surroundingg, or similar objects,
may have the same or similar enrergy réflectance curves in the visible
region and thus look the same. A typical example is shown in Figure
A-10 for camouflage and healthy vegetation. The same type reflectance
curves often result for diseased and)healthy vegetation. In a reguiaf
color photograph the two may look fhe same but in a color inffared.
photo the live green vegetation will be a bright red, whereas diseased
vegetation ﬁill be a dull purple. It has also been found that moisture
contenf effects the reflectance in the infrared region to a great
extent. The objective is thefefore to use the film or film combination
that disfinguishes energy in the region where there is the most
difference.

A@other item which can be attached to a camera when used in remote
sensing is a filter. This gives another variable to be used in conjunc-
tion with the film to obtain a desired result. A filter is in essence
- a device which is put between the film aﬁd the object viewed which
governs the wavelengths of the energy which reaches the film, 1In this‘
respect filters act to control the wavelengths of the energy received
in much the same respect that the diaphragm acts to control the amount

of energy received on the film,
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Filters are often used to block unwanted parts of the reflected ..
energy from reaching the film, For examplé, in the detection of
ﬁamouflage or diseased vegetation the only différénce in the spectral
characteristics of the object being detected and its surroundiﬁgs may
be in the infrared region. In this case the subject w111 be more
easily identified if the visible and ultraviolet portions of the
eﬁergy spectrum are blocked by a filter, and only the infrared energy
is received on the film. Also, it has been.notgd that atmosﬁheric
haze is éaused‘by scattering of the ultraviolet and shorter wavelength
light. Thereforé, if a filter is used which blocks energy in this
region, the haze will not show up in the photograph.

Narrow band ﬁass filters are also available with which it is
possible to éelect only a particular baud such as ﬁ.ﬁ to 0.5 microns -
and recorélonly the image of the energy refle#ted in this region. By
using combinations of filters and films, eneréy can be recorded in any
narrow region of the ultraviolet{ visible or near infrared region
desixed. 'Therefore, the bandﬁidth Which best distinguighes the terrﬁin,
feature or object that is to be sensed can be selected. . An axample of-
this, is the.detection of 0il slicks where the ultraviolet part of the
spectrum is the best for identification.

The three most commonly used types of camera systems for rembfe
seunsing are the conventional single lens camera, panoramic and strip
cameras, and multiband or multilens camera systems.

The single lens aerial camera ig an airborne'camera consisting of
a magazine, a drive mechanism, a cone and lens. The magazine.is the
light'tight box that holds the film. The magazine of-most modern |

aerial cameras utilizes a continuous roll of 9-1/2" by 200' roll of film,
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With this filmlabout 250 exposures can be made. Each exposure is
appro#imately 9" x 9",  The drive mechanism is used to posiﬁiﬁn the
film for each exposure. During an exposure, suction is created at

the back of the film by means of a vacuum to hold the film flat

against the back plate at the instant of exposure ta eliminate
wrinkling of the film and subsequent distorﬁion in the photograph., The
cone is a light tight mechanism which holds the lens cofrectly in |
. relationship to the film. The length of the cone is a function of the
focal length of the lens. The lens is bompound and gives a fixed'
focus with the foéus at infinity. In most aefial cameras the shutter
is between the front and the rear elements of the lems. The shutter
speeds are .as high as 1/500 to 1/1000 of a second. The drive.mechanism
recocks the shutter after each éxposure. Any type of film can be |
used with the single lens aerial camera which can also berfitted with
filters if desired.

Relatively accurate measurements of terrain feature can be made
with single lens aerial cameras; however, they only make photographs of
a narrow strip of the territory over which the camera is flown. There-
fofe, strip or panoramic camera systems may be more useful to the
investigator than a single lens camera if photographs of a large
amounf of'territory is needed. |

Oune type of panoramic camera consists of nine lens. The main
lens is located in the center with eight other lens surrbunding it in
a circle with their Opticél axes parallel to the main lens. A geries
kof mirrors focus the view of the surrounding lens so thg; in effect the
optical axis is changed to look outward at the boundary of thé area - |

that the main lens views., The effect is a panoramic view which looks
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like one image but is in effect composged of ﬁine photographs. The
angular coverage of this type of camera is 130°,

Another type of camera is the strip camera. This Eype of camera
presents the results as a single strip rather than individual frames.
Instead of a round éperture a slit is used which is perpendicular to
';the line of flight. The film is generated to move at a speed consistent
with the ground speed of the aircraft. The shﬁtter then remains épen
from the time the film is fed into the camera until the time the.
camera runs out of film. If the aircraft'foliowed a level straight
path, the resulting photograph would be relatively free of distortion.
However, this is practical only in theory.

A third type of panoramic camera often used in remote Qensing is
a strip panoramic camera. The use of this type of camera makes it
possible to photograﬁh a large area in a single exposure with higﬁ
resolution, * A narrow field is required to minimize aberration of the
lens. A narrow slit parallel to the camera platform line of flight is
used and the camera is equipped to pan perpendicular to the flight
line to make é pancramic picture. - The optical train 6f the system is
designed tb make such movements, In prdér to mainfain a clear focus
on the ﬁilm while the camera is panning, the film must be heldlin an
arc while it is exposed. This mékes the photographic scale become
progressively smaller as the distance to the objects on the left and-
right of the fiight path are increased. However, for some applications
the advantages of this type of system outweighs the disadvantages.

A third type of'camera_system and the one most applicable to
problemsg involving idenfification of natural objects'by remote éensing

is the multiband or multilens camera. A multiband camera system makes
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several simultaneous black ‘and white photographs in diffefent bands
of the electromagnetic energy spectrum. A variety of film and fiiter
combinations are used to get the bands desired. They prévide_the user
with the pdssibility of photographing in many narrow portions of the
energy spectrum at a single point in time and space. Sincérmultiple
photographs with black and white film are made, this technique gives
higher spatial resolution than any of the other systems mentionad. Also
by multiple projection through the film trﬁnsparencies with light
shown through color.filters a color projection can be made which is
more true in tones and color than in regular color photography.
Similarly, false color projections can easily be made. This technique
can also be used to convert the imagery on the photographs to electrical
signals which can fairly readily be adapted to automatic processing
by a compu#er.

An example of a multiband camera is 'ﬁhe U. S. Army C.R.R.E.L.
Four Camera System._'The‘éystem uses 70 omm film and has four‘Hésselblad‘
cameras mounted on a platform that simulténeously operates the cameras.
This system is relatively inexpensive and easy to use. ‘A.more complex
miltiband system is the ITEK Nine-Lens Multiband Cameré.r Three‘étripé
of 70 mm film are simultanecusly exposed with-this camera which has
nine separate lens. Caution must be made when using this type of
system to calibrate each image. Wﬁenever different films are used in
systems such as thesé, care must bg exercised_in interpreting the
results since the spectral sensitivity of each batch or type of £ilm
may be different.

The.simplest, cheapest, and easiest multiband camera system:td'

use is to mount several small 35 mm cameras on a common frame and



operate them simultaneously. This type of system was used by the
University of Wisconsin in their remote sensing studies. The system

can be hand~held and carried aboard a small aircraft for minimum

economy. For many applications in remote sensing, this type of system

will probably prove the most economical if general differences in
spectrai responses are all that is required in interpreting the data.
Photography and in partiﬁular, multiband.photography has several
advantages as well as limitations when used for remote sensing of the
natural environment. A major advantage of photographic systems 1is
the spatial resolution which results from the photograph. This gives

the analyst a great deal of ground detail to be used in analyzing the

data. Photography as now developed also covers a range .in the energy .

spectrum three times that of the human eye. Compared to other types
of syétems employed for remote‘sensing, photography is:the leés£
complicated and expensive to operate, This appears to be the‘main
reason for its being the primary technique employed in remote sensing.
There are a number of limitatidns to photography whi;h must be

considered when using photography for remote sensing. For one thing

photography is limited to detection of energy with a wavelength between '

0.3 and 1,2 microns. If remote sensing by detection in an energy

region other than this is required, another type of system must be

used. Also photography records the energy received in large bandwidths -

such as the entire visible portion of the spectrum or the blue portion.

This limits greatly the amount of true spectral data which can be
obtained.
The response of the photographic method is not the same as the

response to the human eye. Therefore, the tones or colors in
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a photograph willrnot be exactlj like the object photographeﬂ‘as viewed
by the human eye. This does not necessarilj ﬁresent a problem |
unless the photogréphic response is not répeatable. However, the
density of grains exposed when subjected to a constant intensity of
energy is not allinear function of the exposed time. This function
is called the characteristic curve of the emulsion and is not only
‘non-linear but also changes somewhat from batch to batch due to
handling, atmospheric conditions and other causes. Therefore,
repeatability of the photographic process is.somewhat questionable if
a high degree of accuracy is required. The charaatéristic curve ofl
films (density of gﬁains exposed Versus energy intensity)&is also
different for different types of films and wavelength of the energy
teco:ded.

Also the truth and repeatability of the photograph depends not
only on the sensitivity of the emulsion itgelf but the eﬁtire'phpto-
graphic process as well.-‘Thus the amount and color of the light,

-the spectral emergy sensitivity of the emulsion, the type of developer,
method of developing, fixing and drying as wgll as thelphysical
conditions of humidity and témperature, contribute to the final result,
For this reason photography may be considered a qualitative rather
than a”quantitative technigue.

Finally, photographs generally—ﬁave to be interpreted manﬁélly
which is slow and time consﬁming since.it is rather difficult to
convert the ouﬁpﬁt from a'photographic system to a form which can Be
input to a compuaer or automatic data processing machine. This
difficulty is partially overcome by making black and white transparencigs

with multiband systems. However, a great deal of eqﬁipment and effort
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is still required-in the automating process, and the discrete number
of accurate voltage levels cofrespcnding to the original irradiation
as depicted by the shades of gray in the photograph appears limited

to twenty or less in most cases.

Electronic Detection Systems

One of the dis§dvantages of photography for remote sensing is its
limitation to sensing in only the visible and near infrared regions.-
However, electronic sensing systéms have been'developed which can
operate in the middle and far infrared regions as well as fhe‘visible
and nearlinfrared region. Another advantage of electronic detector
systeﬁs is that their output is generally in a form readily adaptaﬁle
to automatic processing. For this discussion these systems will be
categorized into two groups. One is thermal scanhidg'systems which
operate in the infrared region from 3 to 14 microns and:multiséectral
scanning systems which record energy in bands throughout the ultra-
violet, visible, and the infrared regions as well.

When considering the entire wavelength region of enefgy originating
from a thermal origin, the spectrum extends from 0.2 or 0.3 microns to
1000 microns. However, the.practical limit for measuring enérgy in
this region in the ﬁatural environment ranges from 0.3 microns to
approximately 15 miéronsf Fifteen microns defines the longest ﬁéve-
length energy in the far infrared window (8-15 microns). The entire
region from 0.3 to 15 microns is still very broad and, therefore
several different types of electronic detectors must be employed in
sensing energy throughout this region. The type of syétem used is

also dependent ubon the application and the response required of the-



232

system. For this reason only'a general description of thé elactronic
detection systems used in remote sensing will be given. A more
detailed discussion of the detector elements available will be made.
The type of detector elemeﬁt ﬁsed in'a'particular sénsing systém
will generally depend on the appliéation.

The basic element or building biock of electronic deteéfor gystems
is the radiometer, which is an instrument for measuring electromagnetip
or acoustic radiation in a specific bandwidth. It measures the
intensity of the energy being emitted or reflected from an object
electronically. Its basic components are shown in Figure IV-1,

An optical device collects and focuses the energy from the object
" being sensed., In the laboratory this device may be a fiber optic
probe or, as generally used in field work, may be a teiescopic device.
A wavelength selector selects the median wavelength of the energy to
bé sensed and width of the band., The selector may consist of filters,‘
prisms and/or diffraction grating devices. If different waveléngths
of energy &re to be senséd over a time interval, a device such as a
monochromater may be used which consists of prism and mirror devicés
which can be adjusted to select only the desired ﬁavelength of energy
required. The detector is used as the device which converts the
photons of electromagnetic energy into an electrical signal, The
signal is then amplified and recorded,

The radiometer can be used to measure energy throughout the
electromagnetic spectrum if the proper detectors are used, This
device can be used to measure temperature directly if tﬁe emissivity
of the object being sensed is known. If the system is designed to |

operate in the middle or far infrared region, it is often called a



thermal or infrared senéing system. If put on board an aircraft and
used to scan laterally across tue flight pathlof the aircraft, the'
system becomes a thermal scanmer. In this application, the reccrder
is generally photographic film. If a series of radlometers are inte-
grated so that measurements ‘are made in several different portlons of
the energy spectrum simultaneously and the system is put on board au
aircraft and used in a scanning mode, the system is called a multi-
spectral scanner.

The most commonly used electronic detection systems in remote
sensing are the thermal and multlspectral scanners carried on board-
aircraft, In the future it is expected that greater use wlll be made
of these systems in many varying fields of applications. Also it is
expected that systems of this type will.be deployed in satellitesr

A thermal scanner consists of a radiometer made to sweep side to
-side perpendicular to an aircraft line of flight and which senses energy
in the 3-5 microns or 8- 14 microns region. Figure A-13 shows the sweep
cuaracteristics cf a thermal scanner carried on board an aircraft. The
resolution is the smallest area which can be sensea by the system and
corresponds to one data point in a scan. The area shown shaded in
Figure A-13 represents the resolution which depends on the uptics of
the system, the angular field of view, and the altitude at which the
aircraft is flying. The data recelved can be recorded on electromagnetic
tape for automatic prcce351ng at a later time, displayed on a cathode
ray tube, used to make an infrared photograph or all three may be done
simultaneously. A typical schematic of a thermal scanning system is

shown in Figure A-1& [60].
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The radiation from the ground is received onto a scanningrmirror
located on a revolving shaft, The energy is reflected by the scanning
mirror through an optical arrangement such as.shown in Figure A;lé
which focuses the inéoming.rays on the active element of an infrared
detector. When sensing is done in the 3 to 5 micron region, the active-
element is generally indium antimonide crystals, The area surroundlng
the detector and the detector mst be cooled with liquld nitrogen to
reduce the background radiatioen to an acceptable level. If sensing
is being done in the 8 to 14 micron region crystals of doped germanium
are generally u;ed. The coolant used in this case is liquid helium.
The detector, which is mounted in a Dewar flask with the coolant ta pre-
vent heat transfer to the ecoolant, converts the infrared radiation to an
electrical éignal; The variations in the electrical signal will be
-proportional to differences in the radiation received by the detector
as the scanning mirror revolves.

Filters or wavelength, bandwidth selections are not generally
used with thermal scanning systems since the range of the detectors
plus the phenomenon of the transmissivity of the atmosphere in effect
selects the wavelength and bandwidth of the energy detectéble 5y thesé'
systems.

If’a photographic type of image 1s to be made, the electrical
sigﬁals from the dgtector are amplified and used to modulate a variable
intensity light source such as a glow tube as shown .in Figuré A-l&

In the case of a glow tube printer, the output of the tube is focused
onto a moving strip of film by a rotating mirror on the same shaft as-
the receiving mirror. This produces a.strip of film similar to a

photogiaph taken with a strip camera. The output can also be displayed
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on a cathede ray tube and monitored inflight. 1In some cases infrared
photographs are made directly from the cathode ray tube display.

The reason this system is commonly called a thermal rather than
an infrared scanner is that the temperature of the objects being
sensed is generally the primary factor affecting the amount of radiation
received. Therefofe, the lighter areas in an infrared photograph
made in this fashion are assumed to correspond to the areas wifh the
highest temperature. However, warmer and colder as seen in the infrared
phetograph-does not necessarily correspond directly to temperature but
rather to the apparent radiation which is also affected by the
emissivity of the ebject being sensed. In the case of readings or
photographs made over water where the emissivity is constant, the
thermal scanner will detect directly the temperature -patterns in the,
water. Presently, this capability has been developed to a point
where temperature differences in water less than a tenth of 2 degree
can be detected,

One of the advantages of thermal scannexrs is that they can be
used day or nighf. Duringrthe day the reflected eolar energy in the
infrared regions beyond 5 microns is negligible compared to the emltted
_energy so that the prime difference in day and night measurements made
in this region are due only to diurn&l temperature differences. This
fact leads to the use of the dlfferences in the tones of objects at
different times of the day as a method of 1dentifying objects. This
is due to the difference in heet capacity and thermal conduetivity of
objects which if known can be used as identifying characteristics.

A recently developed syseem which shows great promise for future

use as 4 remote sensing system is multispectral scanning - systems. A
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figurative layout of this type of syétem is giﬁen in Figure.A-IS. The
'resolution and scanning characteristics of the system are the same as
for the thermal scanner shown in Figure_A—iB. The multispectral .
scanner is much like the thermal scanner in operation except that
instead of recording energy in only one bandwidth a number of channels
or bandwidths are used. These channels in which energy is recorded
may be in the uItraviblet, visible or_infrared regions.

The mechanics of the multispectfal scannérs is similar to the
thermal scanner except that the incoming radiation is divided int6
discrete bandwidths by diffraction gratings and prisms after which it
is focused upon separate.detectors. Thetoutput from each-detectof
is amplified and recorded gsimultaneously.

The multispectral scanning system which has received the most
attention is one developed by the Willow Run Laboratory of the
University of Michigan. This system consists of 18 channels. Twelve
of these channels are in the visible region, one is in the ultraviolét
region and the remaining five are in the infraréd region. A greét déal
of effort i# pregently being made to dévelop computer techniques for
automatic processing of the data produéed by this system‘in order to
identify crops and soils, Presently there are numerous argumenté pro
and con about the usefulness of the techniques being deVelopedlas well
as arguments about the optimum number of channels to use in multi-
spectral scanning.

One of the advantagés of a multispectral scanning system is the
‘versatility which it allows the interpreter in displaying his results,
Black and white photographs can be made-from each channel of inforﬁation..

Also any three channels can be combined to make false or real color
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photographs. Since the recorded data is electronic in nature, the
output of the system can readily be inputted to a computer which caﬁ
display the results in several ways. Numerous channels of data are
also available for comparison for use in automatic identification by
a computer. Due to the volume of data that is rapidly beéoming
available from remote sensing, some type of automatic processing
technique is required and multispectral data 1s the most aﬁenable'to
automatic interpretation. As the number of bands is increased the
chances of finding an identifying pattern for each object received
‘becomes more likely and more reliable. However, this does increasge
the amount of data to be processed.

There are several disadvantages to mulfispectral scanning systems.

The main problem with such systems is their expense and complexity.
Also the spatial resolution is poor when compared to similar dat&
“obtained with photographic systems.

The Basic element involved in any of the systems discussed is
the detector which converts the received electromagnetic energy ianto
a measurable electrical signﬁl. There are many different types of
detectors and the one or ones used in any system ﬁill depend on the
application and the wavelength of the energy to be measured. .There
are ; number of parameters involved in the selection of a-particular
detector for a particular application. These pa¥ameters or cﬂarac—
teristics of detectors can be divided into five groups as discussed
below,

1. The minimum radiant flux which will generate a signal. . That
is, the signal must be high enough to be detected above the noise .

which is generated due to background radiation and electronic noise
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from the assaciated circuitry.

2. The wavelength range in which the defectér will generate a
useful signal. The signal may be a direct voltage output or a
‘resigtance change which can be converted into a voltage reading-and
amplified.

3. The linearity and output of the detector per unit of incident
radiant‘flux.

4. The time lag in the deteétor #nd circuitry from time of
incident energy on the deteétpt to signal outpﬁt. If the signal is to
be amplified b& an A.C. circuit, the circuilt frequency must be less
than the time constant frequency of the detector.

5. The spectral characteristics of the detedtor. The same level
of incident radiation will not generate thé same signal level from a-
detector if the energy wavelength is different. Iherefore, calibration
may be required at several points in the spectrum.

Detectors caﬁ be broken down into two groﬁps. ‘Thqse used pfimarily
in the infrared region and those used in ultraviolet, visible, énd
near infrared regions. The détectors used in the infrared region
include two basic types - those whose output depends on a ﬁeating
effect of the element and those that have a property change bécause
of direct absorption of photeons to generate charged paits of electrons,
This later group must be godled to operate effectively. Figure A-16
shows the seﬁsitivites of detectors used in infrared sensing. The
detectofs used in the visible and adjacent regioq are photomultiplier
tubes and as such are based on the photoemissive effect.

Thermal detectors are used primarily‘for sénsing iﬁ the inﬁrared‘

reglon. These type of detectors depend on the heating effect of the



enexgy being received in order to give a reading. The thermocouble
detector is the most common fype of thermal detector used in infrared
-energy measurements. A typical representation of a thermocouplel
circuit is shown in Figure A-17, |

In the case of a thermocouple detector, the active junctien is
attached to a blackened low mass'platé which is used as a receiver.
Tﬁe receiver is normally protected by a case which has an opening

through which the incident radiation reaches the receiver. The opening
r

is enclosed by a substance such as a NaCl, KBr or fused silica crystal,

The type of substance used for the opening will limit the range of
incident radiant energy that will impinge on the receiver. This is
one of the characteristic factors involved in picking a thermodquple.
The receiver is attachéd to the case by thin support fibers made of a
material with as low a thermal conductivity as possible. | |
The cold junction is attached to the wall of the case. Thus the
output of the.device is a function of the temperature difference
between the case and the reéeiver which g assumed to be in thermal
equilibfium with the object whoze radiant energy is being measured.
Therefore, in order for a thermocouple dgtector to be used in the far
infrared range, the case will generally have to be cooled to lower the
temperature of the cold junction and to minimize the energy which

might be emitted to the receiver by the case,

In order to eliminate as much as possible the heat transfer due to

connection between the case and receiver, the case may be evacuated if
very small irradiation measurements are to be made. However, for
amplification purposes it may not be desirable to minimize the

registance to energy losses from the receiver since the time constant
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for a thermocouple deteétor is proportional ﬁo this resistance times
the heat capacity of the receiver [55]. Agéin the designfof the
detéctor will depend on the application,

Another type of thermal detector is the holometer which has been
adapted for détection of infréred energy. The bolometer detéctor
is similar to é ﬁhermocouple detector except that the wvoltage broducing
element of the thermocouple is replaced by a fesistancé producing
element with the resulting change in circuitry. Irradiation of the
active element causes a temperature rise in the elemeni which produces
a correspoﬂding change in resistance. Therefore, like the thermocouple'
detector, the respoﬁse of the detector is based on the heating of thg
active element by the irradiation.r Thus for small values of irradiation
to be measured in the far infrared region, the best results will be
obtained iflthe bblometer case is cooled.

Other types of thermalrdetectors can be produced which convert.the
heating effect of the irradiation into a mechanical movement which caﬁ

-be sensed. One way this is done is by expansion of a gas against a
bellows connected to a variable resistor,

Thermal detectors are not geherally used in airborne remote sénsing-
because the response time involved in the receiver element reaching
thermal equilibrium with the object being sensed is longer fhén the
viewing time. Therefdre, deteétoré are used which depend on the
photoconductive.or photovoltaic effect; Materials which exhibit these
properties and which are used in infrérgd detectors are showﬁ‘in
Figure A-16. Photon detectors are based on the effect of photon
¢collision with.these materialg. Photoconduction takes place when the.

photons cauge electrons to be excited from the valance band of the
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material to the conduction band thus changing the conductive
characteristics of the material. The photévoltaic effect takes place
when a voltage potential is introduced in a material due.to bombardment
by photons. Most infrared detectors used in airborne remote sensing
use the photoconductive effect.

Since these effects are bésed on the energyrﬁf the photons which
is a function of the wavelength, detectors made using photon effects
show a quite definite cutoff point as seen in Figure A-16. This cutoff
point corresponds to the wavelength at which not enough gnergy_is
available in the photon to move the electron into the conduction band.

The detectors generally used to measure energy emissions in the
ultraviolet and visible regions are bésed on the photoemissive effect.
Photoemission takes place in a material where the incoming photons
have enough energy to cause the material to release electrons. Since
the enefgy reQuirgd for the photoemissive_efféct'(rentval of electrons
from the atomic structure) is-relatively high, detectors based cﬁ this
technique are not usable except in the shérter waveléngfh'region where
the energy per photon is higher than in the infrared region. Detectors
of this type also exhibit sharp cut-off points and the response is
strongly affected by the'wavélepgth of the energy. This is because :
the effect of the photon impingement is a function of the number of
photons and not the energy involveﬁ if the energy involved with a
photon is above a certain ﬁhreshold level, | |

The most common type of photoemissive deviée is a photomultipiier
tube. Exampleé are RCA 1P21 and 1P28 tubes. Tﬁe respense of this
type of tube is shown in Figure A-18. These tubeé operate on a cascéde

effect which is produced by a series of secondary plates. The primary
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cathode is phqtoemissive which sets up a chaiq‘reaction type of
effect when electréns are emitted from it after being hit by photons.
Because of the multiplying effect, a readily detectable signal can
be produced. |

Once a radiation measurement system is set up it musf be calibréted
which can be a difficult and frus;rating task siﬁCe systems calibrated :'
in a laboratory under ideal conditions do not often function the same
_uﬂder less ideal conditions. One way to overcome this is to build an
internal calibration system iﬁtd_the instrument [51]. In order to
calibrate the systems, a standard radiant source is often used. The
source should emit energy in the wavelength of interest and in a manner
similar to the object whose radiation is to be detected but with a
known intensity.

In remote éensing monochromatic measurements are generally taken.
Several sources may.be_required,to cover the range of interest. In
‘the ultraviolet and visible region, a gas'discharge tube_enclosed in.”-
quartz may be used as a source, In the visible and near visible
regions tungsten strips may be used. The intensity of the energy output
will be determined by the voltage acfﬁss the strips. Since the tungsten
strips must be enclosed in an inert gas, a glass.envelope.is'required
whichlmakes standard measurements with this source impossible in much
of the infrared region. Therefore, in the infrared region beyond 2 -
microns a Globar heating eieﬁent is often used. A Globar consists of
a sintered tungsten carbon rod which can be heated in ai? up tol
2700°R. Since the element can be heated ih the air, infrared readings

can be made. The sources described are only a few of those available,



Anyone interested in standard sources should first outline his require~
ments before deciding on the type of system he will use.

The advantages of electronic detection systemslcan be divided
into three groups. The first is that Qith electronic detectors
radiant energy can be measured throughout fhe wavelength regions of
thermal originated energy which are avaiiable iﬁ the atmospheric
windows. Secondly, the spectral distribution of the radiation is
discernable. Thirdly, the output from electronic detector systems is
readily amenable to computer systems and.autométic interpretive
procedures. The disadvantages of these systems can be éummed‘iﬁ two

words -- cost and complexity.

250



APPENDIX B

BALLOON LAUNCH PROCEDURE AND TEST LOG
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The following is an outline of the procedure used to launch the -

balloon/mirror system used for making stability testé

I. Assemble all equipment

II.

A.

Obtain use of suitable field

Rent truck

Assemble aii equipment for balloon system
Assemble instrumentation and measuring equipment
Load truck

Carry all equipment to test site

Prepare to launch balloon

A.

B.

E.

Place a marker near center of field

Drive stakes into the ground

1. Frém marker lay off a circle with a radius
which will_give the balioon cable the re-
quired angles.ﬁhen attached to stakes on
the circle

2. On circle drive six stakes 60° apart

Attach winch and cable to stakes nearest direction

of the prevailing wind

Attach other two winches so that all three are

120° apart

Drive th;ee stakes for mirror system into ground

1. Place so that cable‘ahgle will be-60°

2, Place 120° apart

Set up electriéal generator and check out .

Check out all other electrical equipment

Roll out balloon cables to marker

252



IIT.

253

I. Snap cables together

J. Pull.cables tightly with winches so that balloon
snaps are located over ma;ker

Launch Balloon

A. Locate helium bottles near marker

B. Roll out balloon |

C; Attach cables to balloon apex riﬁg‘

D. Attach safety line to balloon apex ring

E. Connect regulator valve and quick disconnect to
helium bottles and £1i11 balloon
1. Hold balloon by strap at nese
2. Fill balloon until arrows meet

F. Using safety line let balloon rise uqtil ring is
approximately 6 feét above thelground

G. Attach mirror and target to.ring

H.- Attach mirror cables to mirror holder

L. Roll out mirror cables to stakes and leave free to
unroll as balloon is raiszed

J. Attached marked plumb-bab line to mirror corner with
slip knot

K. Slowly let ballcoon rise until safety line is logse

L. Locate workers at each winch and slowly unwind until

mirror is at desired height

‘M. Attach plumb-bob at point marked on line and adjust

cables until plumb-bob shows mirror to be directly

over marker and at right height,
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N. Lock win;hes.and tie off safety'line.to a stake so
that it hangs loose but doesn't drag on mirror
O.. Detach plumb-bob and plumﬂ;bob iine |
V. Stabiiize Mirror System
A. Pull mirror cables to the stakes
B. Attach fasterners so that cébles when attached to
stakes just begin to eliminate sag
c. Check tengsion in cables with spfing scales
D. Adjust tension in cables so that they are equal
and give‘desired downﬁard pull on mirror system.
V. Begin Tests
The folldwing is a log of the launch and £est;ng of the fou; 800

cubic feet balloons used in the stability tests,

First Balloon Launch - June 5, 1973

The first balloon was launched genérally in accordance with the
procedure outlined. chevef, a safety line was not attached since it was
thought‘at.the time of the first launch that the cables were strong
enough to hol& the balloon under any conditions. The balloon launch
was completed by 10:00 A.M. Weather was clear with only scattered
clouds. Three and oue half containers of helium were required to fill
the balloon. The mirror appeared to be very stable, however, no target
was attached to the mirror. No tests of the stébility of the mirror
system was planned for several days since the first test wds mbst1y~to
determine the flight characteristics and operational 1ift of the balloon.

Becauée of the build up of thunderstorms, the balloon was lowered
at 2:00 P.Mf This was accomplished by cranking in on the three tether

lines to the balloon. The three lines to the mirror were set free.
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When the balloon was lowered to the point where the mirror was six
feet above the gfouhd, the snap on the balloon end of one of the
cables broke, This was caused by pulling too much tension in the linesz
while trying to bring the balloon down. The ballon was then tied down
by using onl& one of the original cables. This was done by cranking in
on one of the remaining cables and ietting the other go free. The nose
of the balloon was then roped and tied down to another stake a few feet
from the ground.

At,3:30 P.M, a large gust of wind from the south-southwest hit the
balloon from a thunderstorm. The balloon was then forced dawnﬁards-into'

.the front stake and destroyed.

Second Balloon Launch - June 7, 1973

A secénd balloon was launched at 7:35 A.M., on June 7, 1973, In
ofder to eliminate the problems encountered with the first balloon, |
a safety line was attached to the nose of the balloon andlstfonger~
snaps were obtained to replacg the ones used in the first test; The
safety line was attached primarily to help lower the balloon if needed.
The line wasrma&e of nylon with a breaking strength of 500 pounds. ‘The
cabling arrangemenf was as determined in the initial study with the
léad cable in a southeast direction which was supposed to be the
direction of the prevailing winds. At the time of launch the winds ﬁére
calm and the sky clear. As the day progressed the winds picked up
from the northeast at 3 to 7 miles per hour. Again it was noted th#t
the mirror appeared stable. A film clip of the launch was made.

At 3:30 P.M, stbrms begaiﬁ to build in the area. The ballaon was
then lowered to approximately 75 feet, _The mirror was at 50 feet.

Lightning got close so the balloon was left unattended. The nose was



loosely tied with nylon cord to a stake in the east direction from the
apex of the balloon.

At 3:30 P.M. rain and high winds along with intense Iigﬁtning
began. The balloon was tossed about a great deal. It wag noted thaf
some helium had been lost and that the balloon was wrinkling somewhat
in the high winds. After approximately 15 minutes hail began to fall.
At times the balloon was driven almost to the ground before rising back
up. Storm intensity and hail inecreased uatil the balloon was driven so
low at one time that the mirror and later the balloon itself was driven
to the ground. Winds were from the north-northwest, The balloon then
whipped back up and with a jerking motion and snapped the line lying
to the north. The line to the west then snapped wheﬁ all the force was
put on it. The ﬁylon line then also broke aftér being weakened by rubbing
across the stake to which it was attached. The balloon then moyed to
the southeast and was last seen over University Lake. The line attached
fo the southeast held long eqoﬁgh to.keep the ballbon low so that the
mirror rigging caught in a tree and was ripped from the balloon. The

balloon then escaped when the last cable broke.

Third Balloon Launch - March 30, 1974

A third 800 ft3 balloon was launched on.March 30, 1974. The weather
was clear. Winds were light and variable mostly from the west or
southwest. All equipment was assembled in the field by 8:00 A.M. The
center marker was placed and the stakes were set up. The first stake
was set up to giﬁe the balloon cable an angle of 30° ﬁith respect to
the horizontal and was oriented into the expected prevailing wind
direction as seen on Figure B-1. The other two balloon cables were

placed to give 120° between all cables and to give cable angles of 45°,
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FIGURE B-1. PREVAILING WIND DIRECTION AND MEAN SPEED
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Stakes for the mirror system were placedeinside the bélloon cable stakes
andApositioned'so .tﬁat the mirror cable angles would be' the same as |
the balloon cable angles. The winches were then ettached to the sfékes:
and the launch proceeded as outlined with the exception'thaf the Plumb? “
bob line was not detached after positioning of the mirror. The‘lﬁﬁneﬁ 
was completed at 10:15 A.M, with the mirror'positioned-at anwaltitudéV

of 100 feet. A photograph of the balloon being launched is givene

in Figure B-2, The mirror cables were then pulled in tensioﬁ and !
attached to stakes. The tensiqns pﬁlled were five pounds ferce on Ehe
two short cablee and four pounds omn the long caBle. These forces were
calculated to glee 15 pounds of downward pull on the apex from the
mirror system. It was noted‘that.when the mirror cables were pulIed in
tension as stated that the main balloon cables sagged more than the -
mirror cables.’ Slnce the balloon cables were much heavier this could
occur when the tenslon on the balloon cables were about the same or less;
than the tenSLOH in the mirror cables; This could happen only if the f
balloon had a net llft of 39 pounds of force or less.

| Initial stability tests were conducted on the belloen/mifrqr system ‘
4at 11:00 A.M.‘ Winds were light with some gusts but not enough to be
recorded by the wind speed indicator. Wind directioh was betﬁeen west
and southwest; The laser mounted ve;tieally wag showﬁ on the mifror ., _
target and the reeulting spot was viewed with binoculars, A ﬁéximnm
movement of the target of 1/2 inchrwas noted. There seemed to be no
oscillations of the spot on the target. The 1/2 inch movement.was.a__
gradual floating motion. Viewing was for approximately 36 minﬁteee

The laser was then shown on the mirror end the laser beem'reflected ’

back to a target on the ground. The beam hit the ground at a point .



FIGURE B-2.

Photograph of Balloon Being Launched
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along the line of the leading cable 14 feet from the laser locatiom
directly under the balloon. The movement of the laser spot on the ground-
was greater than phe two foot by two foot target used. The maximum
movements of the spot were in the direction of the lead cables and were
estimated at f 3 feet, Iherefore, the angular variations in this
direction were approximately I 1.7°. In the perpendicular direction

the movements were much less and were less than M 1 foot. These
variations were therefore ¥ 0.6°. Similar tests conducted during the
afternoon showed the same type of results.

At 6:30 P.M. it was decided to move the leading mirror so that

all the angles of the mirror cables WOuld be equal and thus try to
-reduce the angular variations. However at this time, the winds had »
increased to an average of 3- 5 mlles per hour with gusts of up to 10
miles per hour. The wind direction had also changed to a more

southerly direction which meant it was blowing directly between two Q§b1es.
This tended to slacken the cable directly opposite the wind directioﬂi
When the laser was turned on the target, the spot was stationary for! a
while then the mirror jumped wildly when a wind gust hit the balloon;

The target came back to its original position but continued to swerve
wildly whenever the balloon was hit by yind gusts above 10 MPH, Further
testing therefore waé discontinued.

It was noted at this time that the balloon was 1osiﬁg helium and

was somewhat iimp. Also the ballon was not ﬁbsing into the wipd as it
had done previously., Instead the ballon would bend near the tail

section as the stabilizers attempted to make the ballon respond to thé
winds. This condition caused the aerodynamic characteris;ics of the.

system to fail and thus produced high side forces at the apex of the
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system. In turn this caused the cable opposite the wind to become
completely slack at-times, and therefore the ﬁixror was no,longe; held
in a stable position. waevef, as long as there was tension in‘ail the
cables the mirror remained stable with little movement .

The balloon was allowed to stay up through the night ﬁnder the
conditions given. The next morning the béllooq ﬁas lowered and an
attempt was ﬁade to refill the balloon. waevei, fhe balloon had lost
1/4 to 1/3 of its original supply of gas and not enohgh helium was
available to completely fill it up again. Therefore, the mirror éystem
was removed and the balloon was sent up agaiﬁ; No obéervations were made
of the balioon between 9:30 A.M. and 1;30 P\M. at which time the
balloon was found on tﬁe ground with very little helium remaining in it.
No gashes or holes were found in the balloon skin, theréfore, it is
thought that the valve used for filling the béll§oﬁ must have not been
éompletely sealéd when the balloon was launchedithe second. time, |

Suﬁsequent analysis of the forces expected fpr the balloon system
used during this test revealed the data given in Tabié B-l. Comparing
this data with the side force/vertical tension required fo buckle any'
cable for the arrangement used (see Figure B-3) it was calculated that
at wind speeds higher than nine miles per hour from the west or south-
west thé system would be unstable. . The worst éondition,is when the-winds.
come from the southwest. This data compared e%tremely well with thg

results obtained under actual flight conditions.,

Fourth Ballgon Launch - April 9, 1974
On April 9, 1974, a fourth balloon was launched. The launch pro-
cedufe was started at 8:00 A.M, and complete& by 9:00 A,M. The balloon

cable arrangement was the same as used in the third test except that



TABLE B-1

FORCE TABLE FOR BALLOON SYSTEM OF TEST #3

Wind Velocity

Balloon Static Lift @ 80°F
Balloon Dynamic Lift

Gross Lift

Balloon Weight

Lift at Apex_

Drag or Side Force

SF/Lift

Angle of Balloon Cable at Apex with
the Vertical

Mirror System Weight

Total Vertical Force in Mirror
Cables

Total Downward Pull at Apex Due to
Payload

Total Vertical Component of Tension
in Balloon Cables -Tv

SF/T
v

0 ft/sec 10 ft/sec

263

20 ft/sec

Gy 1b 44 1b 44 1b
0 1.5 1b 6.0 1b
44 1b 45.5 1b 50,0 1b
12,5 1b 12,5 1b 12.5 1b
31.5 ib 33.0 1b 37.5 1b
0 0.7 1b 2.3 1b
0 .031 084 -
° 1.7° 4,8%

6 1b 6 1b 6 1b

g  1b 9 1b 9 ib.
15 1 15 1b 15 1b
16.5 1b 18 1b 22.5 1b
0 .039

- L,10
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Cable |  Cable 2

Cable 3

FIGURE B-3. SIDE FORCE /Ty REQUIRED FOR BUCKLING ANY CABLE
FOR THE SYSTEM USED IN THE THIRD TEST
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the first stake had been moved in so that all the balloon cables made

angles of forty five degrees with respect to the ground. Aftér'
launching thé balloon, it took over an hour to attach the mirror énd
mirror cablés, to position the mirror and adjus; the tension in the
mirror cables. The mirror was positioned at a height of ninety five
feet. The laser was then set up and testing began at 11:00 A.ﬁ. Only ~
two people were used throughout the launch, adjusting the mirror system
and the testing. The data taken during the teéts is given in Appehdix c. -

The daj was clear, winds were. variable and sdmewﬁat gusfy. Winds
 in the morning were from the northeast but by the time tests were begun
had shifted to the northwest where they stéyed with only slight variation
throughout the remainder of the day. The average wind speed appeared °
to be five miles per hour with gusts up to ten miles per hour., In |
general, the winds during the tésts were between two and eight miles per
hours from the northwest.l

Three tests were completed before 1:00 P,M, For these three tests .
all mirror cablgs.ﬁere at sixty dégrees and :all balloon cables at forty
' five degrees. Mirror tensions of ome pound of force, two pouﬁds of force
and four pounds of force in each mirror'cable were tested, Testing was
begun again at 3:00 P.M, with.the same cable arrangement and with mirror
cable gensions of three pounds of force and two poﬁnds of force. The
mirror cables were then changed to give angles of seventy degrees with
respect to therground. Threé tests with mirror cable tensions of one
pound of force, two pounds of force and three pounds of force wére then
made. Testing was concluded at 5:30 P,M. At this time the balloon -
appeared to have lost little if any helium and was working extremel&IWeii.

The skin was not‘wrinkling in the wind and the nose was flying up into
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the wind apparently with a six degree angle of attack as designed., A
later check at 9:00 P,M. also showed that the balloon was still operating
satisfactorily.

It was noted during these tests that the shape of the laser beam
after being reflected from the mirror frequently changed. One possi-
bility was that this was caused by curvature changes fn the mirror sur-
face due to changing pressure on the mirror face caused by éind'forces.
It was therefore concluded that the type of mirror being used for these
tests should be tested in the labofatory before reflectance readings
uging a balloon system and this type of mirror. | | |

The next day was also clear but the wind speed had increased to
ten to twelve miles per hour with gusts up to twenty miles per hour.

The wind Qas from the southeast with variations in the diréction of

t 300. Due to the,higﬁ winds, thelsystem had become uﬁstable;.that is,
one of the balloon cables would frequently become slack. This in turn
caused the mirror system to become‘tangled due to the frequent jefks
experienced as a cable would go slack in a high wind gust and then be-
come tight as the balloon étraightened up. It was also vefy noticeable
that the balloon had lost helium. - The nose was bowed in due to the winds
and the ballon was bent near the tail where the stabilizers were acting
to turn the balloon into the wind. o

At 9:30 AM. the balloon wa; lowered using the safety line. The
system was then tied off close to.the ground and the balloon refilled.
Approximately two-fifths of a bottle of helium (95 cubic feet) were
required to £ill the balliocon ét this time. lThe mirror system was then

cut free from the balloon. All of the mirror cabling had to be cut in



order to untangle the system. ihe éables were then rolled up and the
mirror untangled from the wires wrapped around it.

At llzhO'A.M. it was decided to rebuild the ﬁirror system and then
to try to relaunch the balloon to an altitude of sixty feet, This
would give the bélloon cableé an angle of thirty degrees. It was hoped
that the system could be stabilized in this configu?ation. Theréfore
at 11:15 the ballobp was again refilled and the mirror system was taken
to the labpratofy for repairs. 1In the refilliné process 40 cubic feet
of helium was used.

At 1:00 P.M. the mirror system was returned to the field The
balloon was again showing signs of deflating and was refilled with 100
cublc feet of helium 1ndicat1ng that the leakage rate of the balloon
"was increasing, However, it was decided to try and launch phé balloon
again.

The mirror system was rgattached and ﬁhe balléon launched at'l:30
P.M. to an altitude of sixty feet for thé apex., The mlrror was moﬁnted.
ten feet below the apex. However, while attachlng the mirror cables
to stakes, the balloon became unstable and again tangled the mirror
system, B? this time the winds had increased to a speed of fifteen
miles per hour with gusts above twenty miles per hour. Also, after
launching, the balloon quickly showed signs of deflating, The tail
section was bending in the winds and the nose was Wrinkiing and was
blunted in shape. It was therefore decided to‘lower the balloen,

| The balloon was lowered at 2:30 P.M. and a quick disconnect attached
to open the fill valve at the nose. The balloon was then slowly rolled
up from the tail séction; . This process took two and one haif hours tq

complete. The stakes were then pulled up and the equipment removed and
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.

stored, When the balloon was lowered it was noted that a 2 inch gash
had developed near the nose of the balloon. It was assumed that this
accounted for the rapid deflation of the balloon in the final launch

attempt.
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DATA FROM BALLOON/MIRROR STABILITY TESTS
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DATA SHEET
Test Number 1 Date _ 3/30/74 _
Geometric Data
Mirror altitude 100 feet
A o 9 o
Cable compass readings 30 . 150 y and 270
Angle of balloon cables with ground 30° and 45°
Angle of mirror cables with ground 30°  and 45°

Tensgion in mirror cables 4 1bs 51Ibs , and 5 1bs

Lateral Movement Test
O .

Time of test

11:00 A.M.

Duration of test

Maximum movement

Average movement

30 minutes

of laser beam on target 1/2 inch

of laser beam on target 0

Average wind speed - 1 MPH

' , +
Variations in wind speed - MPH

Average wind direction WEW

0

' o+ . *
~ Variation in wind direction - 30 (2)

Angular Movement Tést

Time of test

11:30 A M,

Duration of test
Distancé, target
Azimuth angle of
Maximum movement
Average movement
Maximum movement

Average movement

3 minutes

to laser 14 feet

line between laser and target 150°

+
of spot in azimuth plane - 3 feet

. + .
of spot in azimuth plane - 1 foot

w*
*

(1)
”

of spot in perpendicular plane - 3 feet

+
of spot in perpendicular plane - 1 foot

"

(*) Refers to number in comment statement
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Angular Movement Test (Continued)

Average wind speed 1 MPH

Variations in wind speed t 1 MPH

Average wind direction WSW

. _ N
Variations in wind direction 30° (2)

Atmospheric Data

Barometric pressure 30.0 in Hg

e)
 Temperature /7 F

Commentg:
1Target used was only 2 foot by 2 foot and therefore a rough
guess had to be made of the beam_movementiwhen it went off
of the target

2The winds were very light but quite variable in direction



DATA SHEET

Test Number Y

Geometrilc Data

Mirror altitude 100 feet

o ‘
Cable compass readings . 30 ’

272

Date __3/30/74

150° , and  270°

Angle of balloon cables with ground
Angle of mirror cables with ground

Tension in mirror cables 4 1bs s

Q o)

, %
30 and 45 (1).

. ] &«
307 and 45° ' (1)

5 1bs , and 5‘lbs

Lateral Movement Test

Time of test 2:00 P.M,

Duration of test 10 minutes

Maximum movement of laser beam on target 1/2 inch =~ = (4)

Average movement of laser beam on target 0

: ‘ %
Average wind speed 0 3).

Variations in wind gpeed + 1 MPH

Average wind direction West

. +
Variation in wind direction __ - 15

Angular Movement Test

Time of test 3:30 P,M,

Duration of test 7 minutes

Distance, target to laser 14 feet 8 inches

Azimuth angle of line between laser and target 150°

. *
Maximum movement of spot in azimuth plane t'3 feet £2)

i ' +
Average movement of spot in azimuth plane - 1 foot

Maximum movement of spot in perpendicular plane

Average movement of spot in perpendicular plahe

(*) Refers to number in comment statement

3 feet )

1 foot
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Angular Movement Test (Continued)

Average wind speed 0 MPH (3)*

Variations in wind speed 2 MPH

Average wind direction WSW

- +
Variations in wind direction _ - 15°

Atmospheric Data

Barometric pressure 30.3 in Hg

o
Temperature _89

" Commentsa:

1Lead balloon cablé was very slack; ali balloon cables were

more slgck than mirror cables

2Target used was 2 feet by 2 feet and therefore a roqgh guess

had to be made of the beam movémen; when it went off of ;he
. target |

3Winds were light and variable; wind spéed was so low that it

could not be picked up by anomometer

aGradual movement from initial spot; no oscillations seen



DATA SHEET

Test Number 3 : Date 3/30/74

Geometric Data

_ Mirror altitude _ 100 feet

Cable compass readings 30° , 150° , and 270°
Angle of balloon cables with ground . 30° and  45°
Angle of mirror cables with ground 30°  and __45° |
Tension in mirror cables _4 lbs s 3 1lbs , and 5 lbs

. ,

Lateral Movement Test (3)

Time of test  6:50 P,M,
Duration of test _ 10 minutes

. . *
Maximum movement of laser beam on target - 1 foot (1)

_ + : -
Average movement of laser beam on target - 1 foot .
Average wind speed _ 3 MPH
. +5MPH *

Variations in wind speed _- 3 MPH (2)

- Average wind direction SSH

Variation in wind direction T 15°

Angular Movement Test

Time of test

Duration of test

Distance, target to laser

Azimuth angle of line between laser and target

Maximum movement of spot in azimuth plane
Average movement of spot in azimuth plane
Maximum movement of spot in perpendicular plane

Average movement of spot in perpendicular piane

(*) Refers to number in comment statement
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Angular Movement Test {Cont inued)

Average wind speed

Variations in wind speed

Average wind direction

Variations in wind direction

Atmospheric Data

Barometric pressure _ 30.08 in Hg

Temperature 76°

Comments:
1System was completely uhstable; baltloon had gone down and was
somewhat limp; also wind gusts would make cable to the north
_east po completely slack moving thg mirror wildly,
Winds came in gusté
3Balloon would not turn nose into the wind; alwa&s séemed to be
getting side forces which pulled oﬁe.cable'tight and the -other

two cables slack.



DATA SHERET
Test Number 4 ' ‘Date 479/ 74
Geometric Data
Mirror altitude 95 feet
‘ o o o
Cable compass readings 30 R 150 s and _ 270

Angle of balloon cables with ground 45

Angle of mirror cables with ground 60°

Tension in mirror cables 1l 1b '

116, and 1 Ib

Lateral Movement Test

Time of test 11:00 A.M,

. Duration of test 15 minutes

Maximum movement of laser beam on target
. Average movement of laser beam on target

Average wind speed __5 MPH

+
Variations in wind speed -~ 5 MPH

Average wind direction  NNE

' +
Variation in wind direction 2 45°

1 inch

i+

1

1/2 inch

Angular Movement Test

Time of test 11:15 A.M,

Duration of test L3 minutes

Distance, target to laser 3 feet 6 inches

Azimuth anglé of line between laser and target 150°

. +
Maximum movement of spot in azimuth plane =~ 3 feet

’ + ‘ .
Average movement of spot in azimuth plane ~~ 6 inches .

a”

: +
Maximum movement of spot in perpendicular plane _- 2 feet

Average movement of spot in perpendicular plane

(*) Refers to number in comment atatement

+
- 6 inches
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Angular Movement Test (Continued)

Average wind speéd 3 MPH

Variations in wind speed M 5 MPH

Average wind direction NNE

. . .
Variations in wind direction _ - 60° (2)

Atmospheriec Data

Barometric pressure 30.61 in Hg

Temperature . 60°F

Commentsa:

1Exception to this was one time when side wind hit balloon and
. . N '

made one cable go loose. Mirror moved ~ 1 foot at that time

but guickly came Eack to rest at original location.

2Wind directions very changeable in gusts



DATA SHEET

Test Number 5

Geometric Data

Mirror alclﬁude 95 feet

' o
Cable compass readings 30 .

278

Date 4/9/74

Ahgle of balloon cables with ground
Angle of mirror cables with ground

Tension in mirror cables 4 lbs

150° | and _270°
45°
60°

& 1lbs , and & lbs

. Lateral Movement Test

Time of test 11:40 A.M.

Duration of test 5 minutes

Maximum movement of laser beam on target

. Average movement of laser beam on target .

Average wind speed 5 MPH

%
2 inches (1)

v

1/2 inches

. +
Variations in wind speed _ - 5 MPH-

Average wind direction W

. +
Variation in wind directfon - 30°

Angular Movement Test

Time of test 11:50 A.M.

Duration of test 2 minutes

Distance, target to lager > feet

Azimuth angle'of line between laser and target 150°

Maximum movement of spot in azimuth plane (2)
: +
Average movement of spot in azimuth plane - 2 feet
. : N
Maximum movement of spot in perpendicular plane ' (2)

. +
Average movement of spot in perpendicular plane - 2 féet

(*) Refers to number in comment statement
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Angular Movement Test (Continued)

Average wind speed 3 MPH
+ 5 MPH
MPH

, 5
Variations in wind speed - 3 MP

Average wind direction = NW

Q

O

. +
Variations in wind direction - 100

Atmospheric Data

Barometric pressure 30.61 in Hg

: o
Temperature 60

. Comments:

1 ' :
However, during angular movement test, the laser beam went off
of the mirror at one time during a wind gust

2 ‘ .

The movement of the beam was too great to be determined

3The winds were very gusty and variable in direction
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DATA SHEET

LY

Test Number 6 | ‘ ‘Date  4/9/74

Geometric Data

Mirror altitude 95 feet

Cable compass readings 30° . 150°

, and 270°

Angle of balloon cables with ground 45°

Angle of mirror cables with ground 60°

Tension in mirroxr cables _ 2 lbs ., 2 1bs , and 2 1bs

Lateral Movement Test

Time of test 12:05 P,M,

Duration of test 10 minutes

1/2 inch

Maximum movement of laser beam on target

'+

1/2 inch

. Average movement of laser beam on target

Average wind speed 5 MPH
' o + 3 MPH
Variations in wind speed - 5 MPH

Average wind direction NW

+ 0 Lok
Variation in wind direction _ - 30 (1)

Aﬁgular Movement Test
Time of test 12:15 P.M.

Duration of test 15 minutes

Distance, target to lager © feet

Azimuth angle of line between laser and target 150°

+ - *
Maximum movement of spot in azimuth plane - 2 feet (2)
. . + ok
Average movement of spot in azimuth plane - 1 foot (2)
‘ ' + *
Maximum movement of spot in perpendicular plane - 2 feet (2)
) L+ ' N
Average movement of spot in perpendicular plane -~ 1 foot (2)

(*) Refers to number in comment statement



Angular Movement Test {Continued)

Average wind speed 5

n:3

3 MPH .
Variations in wind speed - 5 MPH

Average wind direction _ jy

+
Variations in wind direction _ - 30°

Atmospheri¢ Data

Barometric pressufe 30.54 in He

- a
Temperature 62

Comments:

lWindé very constant from NW at 5 MPH

2Spot very steady; stayed entirely on target 3% feet by 4% feet -
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- DATA SHEET

Test Number 7 o Date &£/9 /74

Geometric Data _

Mirror altitude 95'feet

s} 0
Cable compass readings _ 30° , 150 ., and 270
Angle of balloon cables with ground 45°

Angle of mirror cables with grouad 60°

Tensfon in mirror cables 3 1lbs ., 31bs . and 3 1bs

Lateral Movement Test

Time of test 3:00 P,M,

Duration of test 10 minutes

+ . 2
- 1/2 inch (1)

Maximum movement of laser beam on target

Average movement of laser beam on target _ 0

Average wind speed 2 MPH
' 5 MPH -
Variations in wind speed _- 2 MPH

Average wind directfon  NNW

: -+ o°
Variation in wind direction =~ 3

Anpular Movement Test

Time of test __3;10 P.M,

Duration of test 15 minutes

Distance, target to lasexr _6 feet 6 inches.
' : o]
Azimuth angle of line between laser and targer 170

+
Maximum movement of spot in azimuth plane - 3 feet

+
Average movement of spot in azimuth plane _~ 10 inches

o "
Maximum movement of spot in perpendicular plame - 3 feet

. + R
Average movement of spot in perpendicular plane - 10 inches

(*) Refers to number in comment statement
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Angular Movement Test (Continued)

Average wind speed 3 MPH

+ 4 MPH
Variations in wind speed - 3 MPY
Average wind direction NNW
Variations in wind direction H 30°

Atmospheric Data

Barometric pressure 30.58 in Hg

Temperature 68°F

Comments:

1Only a gradual shift, no oscillations
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DATA SHEET

~

Test Number = - 8 ‘ Date _ 4/9/74

feometric Data

Mirror altitude 95 feet

° ., and  270°

Cable compass readings 30° N 150

Angle of balloon cables with ground __ 45°

Angle of mirror cables with ground 600

Tension in mirror cables 2 1lbs - 2 1bs . apnd 2 lbs

Lateral Movement Test

Time of test

Duration of test

" Maximum movement of laser beam on target _

. Average movement of laser beam on target

A#erage wind speed

Variations in wind speed

Average wind direction

Variation in wind #irection

Angular Movement Test

Time of test 3:30 P.M,

Duration of test 15 minutes

Distance, target to laser 8 feet 6 inches
Azimuth angle of line between laser and target 175°

+
Maximum movement of spot in azimuth plane -~ 2.5 feet

' +
Average movement of spot in azimuth plame - 10 inches

: ' . +
Maximum movement of spot in perpendicular plane - 2.5 feet

o

10 inches

Average movement of spot in perpendicular plane

(*) Refers to number in comment statement
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Angular Movement Test (Contihued).

. Average wind speed 3 MPH

4+ 7 MPH
Variations in wind speed _- 3 MPH
Average wind direction NNW

Variations in wind direction t 30%

Atmospheric Data

Barometric pressure 30,58 in Hg

Temperature 68°F

Commentsg:

1.. Lo - ‘ . '
Wind conditions and beam movement on mirror looked the same as

for test number 7
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DATA SHEET

Test Number 9 o Date  4/9/74

Geometric Data

Mirror altitude 98 fret

' o o
Cable compass readings 300 ., 150° , and 270

Angle of balloon cables with ground 45°

o
Angle of mirror cables with ground 70

Tenslion in mirror cables 1 in » 1.1k » 80d _ 3 11

Lateral Movement Test

Time of test 4:10lP.M.

Duration of test 10 minutes

) ) +
Maximum movement of laser beam on target - 3 1/2 feet

- + L
. . Average movement of laser beam on target _- 1.1/2 feet

Average wind speed - 7 MPH

' . +
Variations in wind speed _-_5 MPH

Average wind direction NNW

+ _ o
Variation in wind direction - 30

Angular Movement Test

Time of test 4:20 P, M,

Duration of test 15 minutes

Distance, target to laser 1l feet 4 inches

Azimuth angle of line between laser and target 220°

+ *
Maximum movement of spot in azimuth plane - 3.0 feet - {1)

. . - *
Average movement of spot in azimuth plane _10 inches (1

. ' . + : *
Maximum movement of spot in perpendicular plame _- 2 feet (1)

- - | ot *
Average movement of apot in perpemdicular. plana - 8 inches - (1)

(*) Refers to number In comment statement
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Angular Movement Test (Cbﬁtinued)

Average wind speed > MPH
+ 5 MPH
Variations in wind speed - 3 MPH

Average wind direction NNW

+
Variations in wind direction - 30°

Atmospheric Data

Barometric préséuye‘ 30.52 in Hg -

'Temperature | A28 |
'Comments:

1

‘Maximum angular movement noted in light variable direction

breezes
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DATA SHEET

Test Number 10 o - Date _4/9/74

Geometric Data

Mirror altitude _ 95 feet

Cable compass readings 30° ) 150° , and __270°

Angle of balloon cables with ground 45°

Angle of mirror cables with ground 70°

Tension in mirror cables __2 lbs 2 1bs . and 2 lbs

Lateral Movement Test

Time of tegt 440 P.M.

Duration of test _10 minutes

., ‘
Maximum movement of laser beam on target - 1/2 inch (1

. Average movement of laser beam on target _0 . .

Average wind speed 4 MPH
‘ + 3 MPH
Variations in wind speed _- 2 MPH

Average wind direction NW.

: + 30°
Variation in wind direction ~

Angulaf Movement Test .
Time of test 4:50 P.M,

~ Duration of test _l5 minutes

 Distance, target to laser 7 feet 6 inches

Azimuth angle of line between laser and target 210°

Maximum movewent of spot in azimuth plane - 2 feet (2)

R ) ' *
Average movement of spot in azimuth plane - 8 inches (2)

‘ *
1.1/2 feet (2)

Maximum movement of spot im perpendicular plane

-+

o _ , L L
Average movement of spot in perpendicular plane 6 inches (2)

(*) Refers to number in comment atatement
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Angular Movement Test (Continued)

Average wind speced 3 MPH

7 + 4 MPH
Variations in wind speed - 2 MPH
Average wind direction NW

' o+
Variations in wind direction - 300

Atmospheric Data

Barometric pressure 30.52 in Hg
, . 5
Temperature . 66
Commentag:

lMoved linearly 1 inch from initial Spot
2Beamllocation very stable; moved about 1 foot to 1 1/2 feet

in strong.gusts
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DATA SHEET
Tegt Number 11 : o ' Daté | 4/9[74
Geometric Data
.Hi.rro;‘ altitude 95 feet
Cable compass readings 30° . 150° , and’

Angle of balloon cables with ground 45

Angle of mirror cables with ground . 70

Tension in mirror cables _3 1bs y 3 1lbs y and

Lateral Movement Test

Time of test 2:00 P.M.

Duration of test < minutes

3 .1bs

Maximum movement of laser beam on targec ][ Lonch

. Average movement of. laser beam on target. )

Average wind speed 4 MPH

_ -
Variations in wi.nd speed - 2 MPH

Average wind d:.rection RW
T 30°

Var iation i.n wind direction

Angular Movement Test

Time of test _5:05 P .M

Duration of test 10 minutes

Distance, target to laser 5 feet 2 inches

Azimuth angle of line between laser and target 225

: _ ‘ +
Maximum movement of spot in azimuth plane - 3 feet

. . +
Average movement of spot in azimuth plane _- 10 inches

L +
Maximum movement of spot in perpendicular plame _ - ! 1/2 feet

+ _ .
Average movement of spot in perpendicular plana _ - 8 inches

(*) Refers to number in comment statement



Angular Movement Test (Continued)

Average wind speed 4 MPH

. +
Variations in wind speed - 2 MPH

Average wind direction NW

. : -+ L0
Variations in wind direction - 30

Atmospheric ‘Data

Barometric pressure __ 30.51 ip He

Temperature _ 66°

Comments:
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APPENDIX D

STANDARD SURFACE REFLECTANCE AND DIFFUSENESS
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A surface éomposed of Nextel Velvet Coating 101-A10-white paint
manufactured by the 3M Company was used as a standard throughout the
experiments. Using this standard the relative bidirectional reflec—
tances of various test surfaces were obtained.By comparing the readings
taker with the spectroradiometer from a test surface to the réadings
taken from the standard surféce. Since a surface éomposed.of 101-A10
white paint is not perfectly reflecting or perfectly diffuse, trﬁe
values‘of the‘bidiréctionél reflectances of the test surface were not
obtained. Hoﬁéver, the true values of bidirectional reflectance can
be obtained if the réflectance and diffﬁsenesa of the standard surface
is known and are used to correct the relative reflectances. The
procedure and #nalysis used to make these corrections are given in
Appendix E. |

The total hemispherical_reflectance of 101-A10 white paint ié
presented in Figure D-1. This infcrﬁation was received from the
manufacturer (Refefénce 61) and covérs the spectral range in which
read;ngs were taﬁeh. Figures D-2 an& b33 give the manufacturer's data
on the diffuseness of a surface gflIOI-AIO white paint. This infor-
‘mation is based on the light being reflected-in the total visible
région_of the electromagnetic spectrum.

Siﬁce the engfgy recorded with the épectfofadioﬁeter used in the
expefiments was in narrow bandwidths as opposed to the data given in
Figures D-2 and b-3, laboratory tests were made to detérmine the
diffuseness of tﬁe surfacé_as obtained with the sﬁectroradiometer.
-Data were recorded with the source and the mirrof in the same ﬁlane.

Figure D;4_shows the method.used to détermine the inpensity of

the light impinging on the standard surface. If the surface were
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perfectly diffuse, the amount of energy reflected at different source
éngles {{) would be proportioﬁal to the incoﬁing intensity. The
intensity at variops angles was rationed to the intensity impinging
on the surface at { = 0 degrees. It is seen that the intenéity of
the energy received by the surface is proportional to cos { 1f the
distance between the s0urce-and the test area is kept constant.

- Figures D-35 through D-20 give the results of the data taken for
the standard surface testsrat different wavelengths., The intensity
of the energy received by the radiometef from the standard surface
was amplified and recorded as millivolts as seen in the figures. Tw§
separate runs were m;de for each curve. At )\ = 0.40 microns, two
types of sources were used so that two curves were -obtained. Tﬁese
results are shown in Figure D-6. The viewing angle (8) for all the
data taken was 15 degrees. All angles were ﬁeasured according to the
geomefry shown in Figure I1I-2. Correction factors for thé lack of
diffuseness of thé standard surfdce based on a viewing angle of 75°
and with { = 0°% as é standard can be obtained by rétioing the differences
between the predicted and the actual curves to the.values obtained for

the predicted curves.
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SPECTRORADIOMETER

SOURCE

FIGURE D-4. SCHEMATIC OF TECHNIQUE USED
TO TEST STANDARD SURFACE
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Several different procedures were used to obtain reflectance
data and variations in the reflectance with source angle in the
laboratory., 1In the tests.numbered 1-32, rdns ﬁere made to determine
the reflectance of St. Augﬁstine grass. The procedure used to obtain
these data wes to first read the energy being reflected from the test
surface and then to cead the energy being reflected frpm tﬁc standard
.surf&ce at the same angle under the same lighting conditions. All
readings were made at night so that the only energy incoming to the
surface was frdm the lamp source. After making tests on the scandard
surface of 101-A10 white paint which showed that it had variations in
its diffuseness with source angle, all of fhisrdata was considered
invalid for determining variations in reflectance with source angle
except for that taken in the visiblerregion. In the visible reéion
the data taken showed that the standefd'surface was close to perfectiy
diffuse. -Therefore, this data was retained and.ie presented in
Table E~1 and Figures ﬁI~4 and_VI—S.._In order to obtein the variations -
in the reflectance with source angle, the percent difference at each
angle to the average reflectance as given in Table E-1 was plotted.

.The final results are shown in Figure VI-7B.

The main emphasis-of the study was not cnly to accurately
determine the reflectances of the test surfaces but alse to find the
engular dependence of the reflectance on source angle. Since finding
the angular dependence of the reflectance by taking reflectance readings
at different source angles wae not practical without a diffuse surface

- 1f the first procedure was used, a new procedure was developed. Tﬁe
second procedure was based on knowing the relationship‘between-the

. intensity of the incoming‘energy to the test surface at each source
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angle duriﬁg the tests. - For these tests this relationship was the

cos { as seen in Figure D-1. This factor was based on positioning

- the source at tﬁe exact distance from'the test plof for all the sburce
angles af which d;ta was-takenL Greater accuracy was also obtaine&

by using a reflector to help collimate the_light beam s0 any

inaccuracies in poéifioning the source wefe minimized. Putting this | l

factor into Equation VI-1, the bidirectional reflectance becomes

f

. S ,
cos { T, \X 8500 Cino Yin)

Since the.same‘soqrce was used for each test, Iin normal to the
surface is a function of wavelength and source angle only. Therefore,
even théugh Iin is unknown the.variations in the reflectance with )
source angle ({) can easily bé found by using the correction factor
 cos € for the readings of intensity obtained from the test surface
with the.speétroradiomﬁtér. ‘The data obtained with this procedure is
given in Tables E~-2 through E-7. The reflectances of the test surfaces
at ¢ = 0° was ﬁsed as the reference in order to obtain the variances. -
Complete curves showing the relativelbidirectional reflectances versus
Vwavelength of each test surface were made from A = 0.3 to b = 3.0 |
microns at é source angle of zero degrees and with a viewing angle of
15 deg;ees. | | |

Tables E-2 through E-5 present the actual data readings taken_for
st. Augustine grass and Mississippi Delta alluvial soil. Two~sefs of |
data were taken for each of thése surfaées. "The vieging ang%é was kgpt
constant at 15 degrees for all the data taken.‘ Complete spectral data

was taken at a source angle of zero degrees from both the standard
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surface and test surface and then ratioced to give the relative
bidirectional refléctance. Tﬁis data is shown plotted in Chapter VI.
The data given in Tables E-2 through E-5 was used to find the variéa
tions in the reflectances with source angle. The data presénted in
the tables for the two runs was first averaged for each source angle,
then based on the readings taken at £ = Od, the expected readings if
there were no variations in the reflectance with source angle were
Aéalculated by multiplying the values at { = 0° by the cos {. The
differences between the actual and the predicted values were then
calculéted and the curves normalized to give percént of ‘variation with
source angle. These data are shown plotted in Chapter VI. |
The same typé of data was obtained for Bermuda_grgss in the‘
laboratory except that only one test run was made. However, the data
taken to obtain variational effects was obtained every 7% degfees
instead éf evefy.l5 degrﬁes as done for the St, Augustine grass and
the soil. This data is shown in Tables E-6 and E-7. The procedure
used to normalize fhe dété was to divide each reading by cos C an&
then to average the resﬁlts.r The deviations and percent variation
at each source angle were then calculated and are shown plotted in
Chapter VI. The relative bidirectional reflectance data at C = bo as
'obtained for the Bermuda grass By reading from both the test surface

and the standard surface is also given in Chapter VI,



- Between Bidirectional Reflectance

¢ %=0.45 A=0.50 A=0.55 A=0.60 - A=0.65
60° 0.062 0.079 0.118 0.080 0.103
45° 0.050 0.070 '0.102 6.070 0.087
30° 0.070 0.093 0.128 0.089 0.109
- 0° 0.058 10.081 0.110 0,085 0.105°
15° 0.051 0.067 0.106 0.076 10,093
30° 0.045 0.061 0.099 0.072 0.081
45° . a - - --
60° 0.053 - 0.072 0.115 0.072 0.092
0.0556 0.0747 0,112 0,078 0.957

Ave,

TABLE E-1: Source Zenith Angle Influence on Saint Augustine Grass Reflectance in Visible Region

Runs 2-8

g = 15°

0zZe



I ‘ Spectrorédiometer Readings - Millivoltg

. 5 =0.75 A= 0.85 A = 1.00 N = 1.25 A= 1.50
| Run 33 Run 34 Run 33 Run 34 Run 33 Run 34 Run 33 Run 34 Run 33
60° 2.0 1.95 11.5 11.4 18.6 18.7 6.9 6.8 6.6
45° 2.8 2.3 15.2 i4.7 24,9 24,3 9.7 9.4 9.2
30° 3.2 " 3.1 18.9 '18.8 31.2 31.2 13.0 12.8 12.1
0° 3.7 3.4 22.9 20.5 37.1 13.8 15.5 13.9 14.9
15° 3.4 3.0 19.8 18.6 32.4 30.8 13.1 12,1 12.4
30° 2.8 2.9 17.1 16.9 .27.9 27.6 10.7 10.4 10.3
45° 2.4 2.3 14.2 14.3 23.6 23.4 9.1 8.8 8.8
60° 1.9 1.9 11.3 i1.1 18.7 18.6 7.1 7.3 7.0

TABLE E-2: Spectroradiometer Readings From Saint Augustine Grass Taken With Lead Sulfide Detector

9= 15

1Z¢



Spectroradiometer Readings .. Millivolts

L= 1.50 A= 1.75 o =2.00 A= 2.25 A = 2.50

£ Run 33 Rum 34 | Run 33 Run 34 | Kun 33 Ren 34 | Ren 33 Ran %
60° 6.8 1.4 1.4 1.0 1.1 1.3 - 0.8 --
45° 9.2 1.8 1.9 1.3 1.4 1.7 . 1.0 --
30° 12.3 2.5 2.4 2.2 2.0 2.3 -- 1.5 --

o° 13.5 3.1 2.8 2.4 2.2 2.7 2.5 1.5 1.4
15° 11.5 2.6 2.3 1.9 1.9 2.2 -- 1.2 --
30° 10.1 2.2 1.9 1.7 1.5 1.8 -- 1.1 --
45% 8.7 1.8 1.9 1.4 1.3 1.5 -- 1.0 --
60° 7.1 1.6 1.4 1.3 1.1 1.3 - 0;8‘ .-

TABLE E-2: (Con't.)

6

15

o)

Spectrodadiometer Readings from Saint Augustine Taken with Lead

Sulfide Detector

FAAS



Spectroradiometer Readings ~ Millivolts
%= 0.35 | A = 0.40 A = 0.45 A = 0,50

Run 35 Run 36 Run 35 . Run 36 | Run 35 Run 36 "Run 35 Run 36

60° 3.4 3.5 4.9 495 28 2.8 6.2 6.3
R N 7.5 7.2 s 3.5 8.65 8.6

30° 9.3 8.8 12,5 1.9 4 b8 | 131 12,9

o° 8.7 9.1 11.9 12,7 4,95 5.0 13.4 137
15° 6.7 6.7 9.15 9.1 4.1 4.0 10.6 10,45

30° 5.3 R 7.1 6.85 3,65 3.4 9.1 8.5

45° 4.2 sa | oss o ss | gy 3.0 7.3 7.1
60° 3.35 3.2 | 43 s 2.0 2.6 5.95 5.65

TABLE E-3: Spectroradiometer Readings from Saint Augustine Grass Taken with Photomultiplier Tube

0 = 15°

£zt



Spectroradiometer Readings .. Millivolts

c A = 0.55 o= 0.60 A = 0.65
Run 35 Run 36 ‘Run 35 Run 36 Run 35 Run 36
60° 15.5 15.8 3.3 3.3 1.65 1.65
45° 20.5 20,4 4.5 4.5 2.4 2.4
30° 27.7 27.4 6.6 6.7 3.8 3.7
0° 28.8 29.3 1 7.15 7.2 3.9 3.9
15° 24,5 24.3 5.7 5.5 3.1 2.9
30° 22.0 21.1 4.8 4,5 2.6 2.3
45° 18.6 18.4 3.9 3.8 2.0 1.9
60° 15.7 14.7 3.2 3.0 1.6 1.4

TABLE E-3: (Con't) Spectroradiometer Readings from Saint Au

15

Tube

gustine Grass Taken with'Photomultiplier

LA



Spectroradiometer Reading .. Millivolts

‘ A = 0.65 A = 0,70 A = 0,75 A = 0.85
c | , ‘
Run 37 Run 38 Run- 37 Run 38 Run 37 Run 38 Run 37 Run 38
60° 0.5 0.6 0.7 0.7 0.8 0.8 4,0 3.7
45° 0.7 0.7 0.8 0.8 0.9 0.9 5.5 5.2
30° 0.9 0.8 - 0.8 0.9 1.1 1.0 6.5 6.3
0° 1.0 0.9 1.1 ©1.05 1.5 1.3 9.2 7.9
15° 1.0 0.75 1.1 1.0 1.3 1.3 8.4 7.8
30° 0.9 0.9 1.0 1.1 1.2 1.3 7.9 7.1
45° 0.8 0.8 0.85 1.0 1.1 1.1 6.5 6.3
60° 0.5 0.7 0.8 0.7 1.1 0.8 5.2 4.8
TABLE E-4: Spectroradiometer Readings from Mississippi Delta Alluvial Soil Taken with Lead Sulfide
Detector : . S
g = 15°

cze



Spectroradiometer Readings . Millivolts
A= 1.00 y = 1.25 A = 1.50 A= 1.75
. . .

Run 37 Run 38 Run 37 Run 38 Run 37 Run 38 Run 37 Run 38

60° 9.1 8.4 7.4 7.0 6.1 5.7 2.0 1.8
45° 12,2 11.6 10.1 9.5 8.4 7.9 2.5 2.5
30° 14.7 14.4 12.3 12.0 | 10,2 9.9 3.0 2.9
0° 20.9 17.9 17.1 15.0 14.3 12.5 4.2 3.8
15° 19.1 17.1 15.9 .8 13.1 4.0 4.2 3.8
30° 17.7 16,4 14.8 13.9 12,2 11.6 3.7 3.6
45° 15.0 14.3 12.7 12.1 10.5 10.0 3.3 3.2
60° 11.6 10.7 9.9 9.3 8.2 7.5 2.6 2.4

TABLE E-4:(Con't) Spectroradiometer Readings from M

e

15

o}

Detector

ississippi Delta

Alluvial Soil Taken With Lead Sulfide

9Z¢



Spectroradiometer Readings ~ Millivolts

% = 2.00 A= 2.25 % = 2.50

c.

Run 37 Run 38 "Run 37 Run 38 Run 37 Runn 38
60° 1.8 1.8 . 1.8 1.9 1.0 1.0
45° 2.3 2.4 2.6 2.45 1.3 1.25
30° 2.9 2.95 3.0 . '7 3.1 1.5 1.45
0° 4.2 3.8 46 3.8 2.2 2.0
15° 4.1 13,85 4.0 3.8 1.8 1.8
30° 3.8 3.65 3.8 3.65 1.8 1.7
45° 3.2 3.2 3.2 3.2 1.5 1.6
60° 2.5 2.5 2.6 2.5 1.3 1.2

TABLE E-4 (Con't):

15

Spectroradiometer Readings from Mississip
Sulfide Detector

pi Delta Alluvial Soil Taken with Lead

LTE .



" Spectroradiometer Readings ~ Millivolts
A= 0.35 A = 0.40 A = 0.45 A = 0.50
c
Run 39 Run 40 Run 39 Run 40 Run 39 Run _f-'fO Run 39 Run 40
60° 9.4 9.0 12,2 11.6 4.75 4.7 10.65 | 10.4
45° 13.4 13.9' 17.1 17.6 6.2 6.3 14.6 14,9
30° 18.4 17.8 22.2 21.4 7.6 -- 18.4 --
o° 25.8 23.8 29,5 27.5 9.65 9.0 22.8 | 21.5
15° 25.3 23.8 27.5 26.1 8.5 8.6 20.5 20.85
30° 24 .6 23.0 27.0 25,4 8.6 8.3 20.5 19.9
45° 21.7 19.9. 24,2 22.7 7.9 7.3 18.9 | 17.6
60° 17.0 16.5 19.6 19.2 6.3 6.3 4.8 | 14.9
TABLE E-5: Spectroradiometer Readings from Mississippi Delta Alluvial Soil Taken with Photomultiplier
'Tube .
8 =15°

BZE



Spectroradiometer Reédings.m Miillivolts
A = 0.55 2= 0.60 A = 0.65

c Run 39 Run 40 Run 39 ‘Run 40 Run 39
60° 15.7 15.4 5.0 | a7 3.2
45° 20.8 21.0 | 6.85 6.9 4.4
30° 25.0 -- 8.6 “- 5.7
° 30.7 ~ 28.9 11,0 10.1 7.3
150 | 27.5 27.5 9.7 | 9.4 6.8
30° 27.5 26.5 '9.85 9,0 6.4
45° 25.2 23.4 8.75 7.7 5.7
60° 20.6 20.45 6.65 6.6 4.4

B .

TABLE E-5 (Con't): Spectroradiometer Readings from Mississippi Delta Alluvial 5011 Taken with
: Photomultiplier Tube

62t -



[<pn

Spectroradiometer Readings

~ Millivolts

A= 0.40 A = 0.45 X = 0.50 = 0.55 A = 0.60 A = 0.65
60.0° 1.55 2.6 7.5 7.6 0.8 0.6
52.5° - 2.0 3.3 9.6 9.5 1.05 0.7
45.0° 2.2 4.0 11.5 11.3 1.2 0.7
37.5° 2.6 4.7 13.4 13.2 1.5 0.9
30,0° 2.9 5.9 19.2 19.5 2.2 0.8
00.0° 2.8 5.1 14.7 14,7 1.5 0.95
7.5° 2.5 4,8 14.1 14.0 1.5 0.9
15.0° 2.5 4.7 13.5 13.4 1.4 0.9
22.5% 2.2 4,1 12.3 12.4 1.4 0.8
30.0° 2.2 3.9 11.5 11.4 1.2 0.7
37.5° 1.9 3.6 10.8 10.8 1.2 0.7
45,0° 1.9 3.3 9.7 9.7 1.0 0.6
52.5° 1.8 3.0 8.7 8.9 0.9 0.6
© 60.0° 1.7 2.8 8.0 9.6 0.9 0.7

TABLE E-6: Spectroradiometer Readings from Bermuda Grass Taken with Photomultiplier Tube

8 = 15°

oce



Spectroradiometer Readings - Millivolts

c % = 0,70 A=0.75 . A =0.85 A = 1.00 = 1.25
60.0° 2.2 4,2 22.0 27.4 21.8
52.5° 2.4 5.4 , 31.4 37.5 33.3
45.0° 3.8 7.8 40.4 47,1 43.6
37.5° 4.0 8.6 44.8 52.8 50.1
30.0° 3.7 8.0 - | 40.0 48,1 47.1
00.0° 4.5 9.5 46.7 55.0 52,2

7.5° 4,3 9.1 45,4 53.3 49,7
15.0° 3.6 8.0 : 42.9 51.1 47.5
22,5° 3.9 8.3 43.3 51.0 46.6
30.0° 3.5 7.4 40.4 47.9 44,3
37.5° 3.4 7.5 40.3 46.7 42,5
45,0° 3.0 6.3 36.4 43,8 39,2
52.5° 3.1 6.1 34,2 40.2 35.5
60.0° 2.5 4.9 28.9 35.7 130.7

TABLE E-7: Spectroradiometer Readings From Bermuda Grass Taken with Lead Sulfide Detector
(3]

e = 15

1€€



Spectroradiometer Readings .. Millivolts

c A = 1.50 A= 1.75 | A = 2.00 A= 2.25 A = 2.50
60.,0° 14.1 4.4 L4 3.6 0.9
52,5° 21.0 7.4 .6 5.3 1.2
45.,0° 27.4 10.5 : 10.8 7.5 1.9
37.5° 33.9 13.9 BTN 8.9 2.1
30.0° 28.4 12.6 - 12.5 7.6 1.9
00.0° 36.6 4.4 14,7 9.6 2.0

7.5° 33.2 12.4 - 12.2 8.3 1.9
15.0° 32.2 12.2 12.0 7.7 1.8
22,5° 31.0 1.3 11.3 7.3 1.7
30.0° 29.4 10.7 . 10.8 7.2 1.9
37.5° 27.2 9.9 10.1 6.6 1.3
45.0° 24.7 8.5 ' 9.0 5.9 1.2
52.5° 22.5 7.5 7.5 4.9 1.3
60.0° 18.4 6.2 . ' 6.5 4.5 1.1

TABLE E-7 (Con't): Spectroradiometer Readings From Bermuda Grass Taken with Lead Sulfide Detector

8 = 15°

FARY
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CALCULATION OF SOLAR ELEVATIONS AND AZIMUTH
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One of the aims of this investigation was the determination of
the effect of theﬁrelative'azimuth and zenith angles oﬂ the reflectancé
measurements. In order to know what these angles were when reflectancg
readings were made in the field the azimuth and elevétion of the sun
at the time of observation had to be known. Although these angles
could have been measured with a sextant at the fime of observation, it
would have been difficult. rAléc it was necessary to know the angles

beforehand in order to facilitate set-up of the experiment.

Algorithm

The coordinate system transformation algorithm as well as formal
definitions of the coordinate systems involved are given in Esgcobel
[62]. The algorithm developed requires as input the latitude,
longitude, and elevation of the pléce of obserﬁation as well as the
right ascension and declination of the sun for a particular time.

The output is the azimuth and the elevation of the sun for that time.
The algorithm was adapted and:expressed in FORTRAN for use on the
computer. Thé_opgration of the algorithm for a single time value is
illustrated below. Definitions of the symbols are given in the
nomenc lature at thé end of this Appgndix. |
Exampie - 1:00 pm CDT September 1, 1974

A. Preliminary Calculations and Operations

1. @ = 30.410°
A = 268.810°
H = 0.0047 miles

2. Interpolate o, &, R from Ephemeris [63]

Cubic interpolation using forward divided differences



Date
8/31
9/1
9/2

9/3

8/31
9/1
9/2
9/3

8/31
9/1
9/2

9/3

[ad =

oY =

R =

=
[ 1)
Lo

o o A A A

d d d
158.9289
| 0.9079 _4
159.8368 | -0.7x10 - 6
0.9065 - 3.333x10
160. 7433 -0.6x10 .
0.9053 |
161.6486
8
8.860972
-0.360002 23
8.500970 -1.1375x10 L
-0.362277 _3 . B.6667x10
8.138693 ~1.1115x10 -
-0.3645
7.774193
r
£ 93,836,016
~21984
93,814,032 -136
-22256 | 45.333
93,791,776 0 .
| - 22256
93,769,520

1:00 pm CDT = 13:00 CDT = 18:00 U.T,
9/1, 18:00 U.T. = 9/1.75
158.9289 + 1.75(0.9079 + 0.75(-0.7x10"% - 0.25(3.333x10"5)))

160.5176

& = 8.229473

93,836,016 + 1.75(-21,984 + 0.75(<136 - 0.25(45,333)))

R = 93,797,351

6

& = 8.860972 + 1.75(-0.360002 + 0.75(-1.1375x10"° - 0.25(3.6667x10'6)))
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B. Determination of Sidereal Time

1. Determine JD

JD of Jan 0, 1974 2,442,048

Day of year, Sept. 1 244

JD September 1, 1974 2,442,292

_ 3D = 2.415 020 - 2,442,292 - 2,415,020

u 36525 36525
T = 0.746667

u .

2. Determine § from T
g, u

8, = 99.6909833° + 36000.7689° T  + 0.00038708° Tuz
8, . _
8 = 26980.2653° = 340.2653°

g Q
8, =8, + A =340.2653° + 268.810° = 609.0753°

8]

8 = 249,0753°

1>

= eo + 0.25068447(¢t)

t = 13: UT = 1080 min

§ = 249.0753° + 0.25068447 (1080) = 5;9.8145°

8 = 159.8145°

C. Flattening, geodetic latitude and altitude factors

f = 0.0033529 e = (Zf-fz) = 0.00669%46

a, = 3963.205 miles
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e
Gl = - + H
J (1 - e-sin")
G, = 3966.613 miles
2.
ae(l - f)
G, = + h

V(1 - e.sin’p)

G2 = 3940.058 miles

D. Ccecordinate Transformation

x = -Gl cos @ cog § = 3210.797
y = -G, cos ¢ sin § = -1180.421
Zz = -G2 sin @ = «1994,395
U =cos & coso =-0,9330363
X c c
U =cos b sina = 0.3300830
¥ c c .
U = sin § = 0.1431381
z C .
p. =1 U + x =-87513120.0
% c X
p_=1 U -+ vy = 30959730.0
Y ¢y .
P, =T Uz + z = 13423980.0
A 2 2 _
Pn = -PX + Py + P, = 93,793,680
LX = pX/ph = -0.9330386
L = = (.3300833
g Py/ph
L =p /o, = 0.1431224
z z h



sin

cos

It

h

sin

cos A

sin ¢ cos § = -0.4750946

= sin ¢ sin 8 = 0.1746643

~cos @ = -0.8624253

il

-sin § = ~0,3450607

i

-0.9385804

cog &

0.0 = 0.0

cos 8 cos ¢ = ~0,8094555
sin 8 cos ¢ = 0.,2975891

sin o = 0.,5061843 -

= 0.3775030
= 0.01214524

= 0.9259787

-
il

L2h = 0.9259287

h /1 - sinzh = (,3776983
sin (sin h) = 67.809°

A= X

0.03215593

-L_h
X

- 0.9994829

I
1l

cos h

180° - sin” M(sin A) = 178.157°

338
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Program Adaptation

It was desired to calculate the solar angles for several consecu-
tive times of day over several.days. Therefore the program was
written to accept as time information an initial and final date, aﬁ
| initial and final time of day, and a time increment in minutes between
successive determinations.

The output is presented in the form of a séparate table for eaéh
day from the initial to the final day, listing the solar angles at
each increment from tﬁe initial to the final time of day. Each of
these listings is in the fofm of local time, azimuth,.agd elevation.

The data in the Ephemerié [63] is presented as right ascension in
hours, minutes, and secondé, and r (distance from earth to celestial
body) iﬁ astronomical units. The angles were to be convérted to
radians and r to miles. Since the Ephemeris data is read in each time
the program is run, it would have been‘necessary to convert the data
every time it was used. Instéad, an auxilliary pfogram was written to
convert the data and punch a new deck to be read in each time the main
ﬁrogram was execﬁted. ‘Thus, a deck was manually prepared by punchiﬂg
the information as it appears in the Ephemeris. This allqwed for ease
of preparation of the data for input. In order to presérve dccuracy,
the output deck is written in hexadecimal format and, of course, is
read in by the main program in he#adecimal format. 1In this manner
the bit patterns of the internal floating-point representations of the
data values are transmitted to the main program. There they are
exactly reconstructed.in the new memory domain. This makes the output
deck somewhat unintelligiable but simplifies input of the Ephemeris -

data to the main program,
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Listings of both the auxillary program and the main program used
to calculate the solar zenith and azimuth angles are given on the

following pages.
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v Gy HELEASE 2.0 . MAIN DATE = 74211 15703747
C FHIS PROUGHAM REANDS THE EPHEMERIS DATA UALPHA ,DELTA+R) FROM CARODS

C THE DAT A {5 CONVLRTCD AS FOLLDWSe oo’ .

C RIGHT ASCENSIAN (ALPHA) FROIM HOUTS, MINUTZES, AND SECONDS TO RADLANS
C DECLINATION {DELTA) FROM DCGHEES, MINUTES+ AND SECONDS TO RAD]ANS
C W FHUM ASTIONIMCAL UNITS TO MILES .
C THE CUNVERTED DATA (S PUNCHE) JN CARDS.IN HEXADECT MAL
c .

[NTEGLR® DATE({20)
COMMUN RAHRSI100)+RAMINE100) RASECI100) +DECDEIL00) «DECMT (100} &
DECSEL 100),2¢ 100 } . : :
DIMENSION ACCESS(100+7) yRAIAD( 100} +DERAD (100} .
EOQUIVALENCE (ACCESS(141),RARADILI +RAHRS(1)).(DERAD (1) +DECDE(L))
c .
€ WEAD THE STARTING DATE, THIN THE ZP4EMIRIS DATA
c X .
READIS.4) DATE
40
1 =141
READ(S5: S, END=2 ) { ACCESS(J,K} oKula7}
GU 10 1 :
2 N=J~1
[ .
C THIS LOOP TAXES CARE OF THEZ CONVERSIONS
c ' -
PO 3 I=1.N
RARAD(L)=15.08 ( [RASECL11/60,04AMINCI)) /60,0 +RAHRS(I))/57.29576
DERADIT )=((UECSE(1)/60.040DECMI(1,))/60.04DECOZIL)) /57029570
REI)=HE [1%92957130.4 - -
3 CONTINUE
c . . .
C PUNCH THE CONVERTED DATA
¢
WRITEL7 6 )DATE S { (ACCESS (JskIoK=] o To3ind=t oN)
sToP
4 FORMAT{ 20A4)
5 FORMAT(T1,3(F640)sT3043(F640)+sTGOFL0.0)
s FORMAT( 20A8/{T L+ 8¢ T30s28¢ 760 «28))

END

PRIGINAL PAGE IS
PR POOR QUALITY
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¥ n1 RILEASE 2.n MATN DATE = 74214 13/1a73%

10

15

20

24

10

40

45

100t

QE AL L AMANA, VATE I W INNUTIZ 4 1A0) yLX LY J L7 s LXH LYHLZH
NAUTLFE pParcl ON TH, PHNX JRHDY (R HO7 s OHNR  THE TGN THETAN , NDTHFET 4
INTEGFR yD{t GEDLGOLT, tjATFf1).FDATF(]?-FOATF(1)-lNlI(?).
EFINAX(2) . INC 2V e 7 dTPHMOIS Ty TE , TING , TM ,PAESX{ I, 184} ,POATF( 1]

CAMOY ALPHAIlPﬂ)-WFLTA(IHO).RIlﬂ“).ALFHAC-DFLTAC.RC

DIMENSTON ACCESS{100,3).,2N(3,3,2}

FOUIVALFNCE (ACCFFSII.ll-ALPHAtl!)-(INVAR(l)cALPHAC)-(PDﬂTFfIlo
EIDATF{ 1)) .

DATA YO/0.31:59.90+12041814,1A1,212,+247,273,304,378/,GCLT/"*" L3P P

CEFZ0.NNRIS2Q7  F /N NNBRIAARL, AELIIRT,. 2057

QFnﬂlﬁ-IQIDD}DHI.GFD.LANHDA.H.IDATE-FDATE.I“IX.FINAX-INCK.Z.EDAYE
ML=0
MU=

ﬂFA”tS.IO!OI|FN0-15)ALFHA(MU)vDELTAfMU).RIMq1

o100 40

EPHMA 5 =My-]

Ti=naeINIX(Y

TF2ANYF INAYE

TINC=ADE INCX
{
1
F

O
o
a9

TFAACTFLOAT
IF{TINC.LT.
JDI=Y0(IDAT
JNF2YDLRDATE
IOFI=YDIENATE
JREFSJOE I +FPH
IF(JIDL.GE L JNFIL)
JNI=JOET
WaLTEL R, 11090}
IF(JDF LLELJOEFIGHD TO 2a

JDF= UNEF .

WITTELR,T1AR])

PHI=PHI /5T ,.2957A

IF(GINWNELGOLTIGOD TN 30
PHIZATANZ(SINIPHAL) ,COSIOHT 3;:.9 Fles2)
Gl1=AC/SART {1 . 0=FF¥SIN(PHI Y *eD)
GP=G1*[ 1 +O=F e 22 +H

Gl=Gl+H

00 1900 AND=)nt , JnF

POATE{ 2}z Nn-244204R .
IFIPDATF(2).LF. vo:lDATFtl)+ll)50 TO AS
!DATF(\hﬁlnATF(li+| .

G TO a9 R

POATEL 2} =PDATF (P T=YDTIDATE {11
_WQITE(H.IIGBEIPDATE

IL=)P=-JpE1

TF{TL.EQ DT =] e

IF(IL « GT sEPHMI S 1V “FPHMAE 5= 3

142447048
+2843048
142442048

AIJJ =" b~

j= B e L)

L e K= B
N 4N NN

Mo~

—~g

N~

+
}
1

N
]
1
1
{
)

e MN=aN g2 Z2x

i
2
a

|

P 10401 1=1,3

PO{Ts 1o 1 )=ACCEFSSOIL+ 1 T)-ACCESSTIL 1)
NPOLTY1a2)=ACCFSS{IL*2 1) -ACCESS{ 1 +1 W13
DT T+ 3 2)2ACCFSS{ILA3, [ V=ACCESSLIL+2,1)
DDLLs 221 0={NNI T4 142)-DD(Tst41})72.0
DD{T«2e2)5(ONDI Ty 34 2)=DD{T41+20}7/2,0
DD(T|1'I)=(DD(I'? ZI=DD(I 92401} /3.0
CONT INUF ’

TUZ(OFLOATL JDI=2A1%5920,0)1 /36525, 000
THFTGO=QQ.6909833DOOTU!(16000-7689DU#TU‘0.0003870300)
THETAN= THETGO*DHLF(LAMBDAI.

- DRIGINAL PAGE I8
DB POOR QUALITY
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¥ Gl  ICLFASFE 2.n MALN o DATE = Ta21a R R VAT VALY

- T 192 TM=ETL,.TC,TINC .
T=FLOAT( TMI+TIPACHEA.N*FLOAT(Z)
nTHFTA=rHTTan+ﬂ,?gnhaqa7tDnLE|T)QB&O-OD

s OTHF TA=NTHFTA- 30,000
TFINTHETALGF .1/, 0NDBIGO TH 15
THETA=NTHOTA/S T, 2057795
DFLTAX=T/1447.0
IF(JD-JDE!-PO.OIHFLTAX=DFLTAX—L-G
[TOILFQWFPHMIS- 2 )OELTAKZDFLTAXS] 40
IF(TL.EQ-EDHHQS-1JDELIAK£DELIAX}2;&
no 1Mo I=1,3 . :
TNVAPIl)=ACCFSS(!LoI1+(0ELTAK0I.0!#(DD(I-1.Il+OELTAX‘(DD(IiZolI
LAIDELTAX=-1.03¢DN{ 434133} :
1703 CNNTINUF i :
TR IPHC =COS{OH] )
TRIPHS =S IN(DPHI )
TRITHO=CASITHFRTA )
TRITHS=SIN{THETA}
TRTALC=CNS(ALPHAL)
TRTIALS=SIN{ALPHAC Y
TRIOEC=COS(NFELTAC)
TRIDFS=3{NI{DELTAC)
AVE=GleTRIPHC®TR [ THC
YV=~Gl&TRIPHCRTR[ THS
IV=-G2¢TRIPHS
UX=TRINECETR| ALC
U¥YE2TRINFC®TRTALS
Y?2=TR1NFS .
QHOX=RCXUX +XV
AHOY=0C & UY+YV
RHNZ?=RC2Z +7V : .
RHIH=DSORT(RHNX 4 & 24 RHOYA 2+ RHOZ %2 )
LY =PHOX/RHAH p .
LY=RHOYRHIM.
L7 =107 7RHNH
SX=TRIPHS*TAITHC
SY=TR IPHS*TR I THS
ST ==TIIPHC_
FX=~TQ[THS'
CY=TRITHC
FZ=0.0
IXSTRBITHCETRIPHC
ZYy=TR [THE*TRIPHC
Z7=TRIPHS .
LXH=SX*_ X+ SY*_ VeSSl 7
LYH=S X X+EYRL Y4E7 &7
LZH=ZXEL X+ YLy 2707
TRIELC=SGRT( ! 4O0~ILZHR%2}
TOIAZC =L XH/TRIFLC
TRIAZS=LYH/TRIELC _ |
ELVIN=S7,295TA%ARSIN(LZH)
AZMTH=57 , P05 7R&ARS NI TRIAZS) )
TFLTRILAZC LT N OIAZMTH=I B0, 0=A7MTH
IF(AZMTHALT 402 0)AZMTHZAZMTHE160.L,0
TNDEXZ 14 (TM=TT) AT INC
PRESX( 1, INDFX)=TM/ 80
PRAESX( 2« INDEX)I=MON(TM, &0)
PRIFESXL{ILINDERI=INEX( )

ORIGINAL PAGE I8
:DE_POOR QUALITY
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RELEASE 2,0 Mafn DATE = 7a2)a 13714438

“INOUT (IS TNIE XY SA PN TH
INAUT{ P, INNEX) =FLYTH.
1002 CONTINUF
COLUMSFLNATOINDFX /8.0
LENZCRLUM :
IF(AMDD[CDLUM.I.p},GT,ﬁgqlLEﬂzLEﬂtlL
DO 109A K=t,LFN )
MRITEL6 100N ((PRESXITL) o 1214304 U INOUT(Joi ) um1as),
EL =K. INDEXHLEN)
1004 CONTINUE
1n¢n COMT INUF
STNE

10100 FnRW-ﬂT(Tf.F‘IlsO-Tl?oAlUT?OUF?OOQOTQU.FIOQUIT]|2(t?.ll:)DIQUT‘SO
BRlIPeIX) e Eau TN 2012,1K) .12 2TAD N2, 1% 12,750,124 1%402,760,127
ETI..?{IZ!lx’ula’ .

o101 FURMAT(TloZﬂ,T10.?B.T60-?R)

11000 FAMMATII0®,* INFTIAL DATF SPECIFIED Is5 FARLIFR THAN AVAILABLF EPHEwY
fLERLIS DATA,., INEFYIAL EPHFMFRIS DATF WILL RF,USFD.})Hmj___hu“__u,“___

1Nl FORMAT(¢0 JYFIMAL pATE SPECIFIFD 1S LATER THaAN AVAILABLE EPMEMFALS

E DATAs FINAL EPHFMFRIS DATE wlLL NE USFD.4)
110C2 FORMATE S0, TaR, "ENHEMERTS FOR GIEGORTAN DATE R E-TLVA NS F IR DRI P
£40°«T5.3("LOCAL TIME_ A7 IMUTH SLEVAYION  9),7108,*,0CAL TIME

It n_€ ' AZ
EIMUTH ELEVATION' /)

11002 FDRMAT[Q'SK!IE. "ot .12-'-'-I?.?x.FB-‘S.S!eFT-]l)
E

ND

DRIGINAL PAGE 18
/1O, POOR, QUALITY



Results

During thé time that data was obtained, the elévation of the sun
was never greater than about 76° (QD = 140). "The azimuth was due
South shdrtly after 13:00 CDT which wés the time when the solar
elevation was at its maximum.

Data was taken in two ways. One set of data was taken with the
viewing plane in the same plane as the solar plane, that is ¥ = Oé
or ¥ = 180°. Another set of data was taken with the viewing azimuth
kept constant (p = 2700) while the solar plane @O‘varied as calculated
by the program.

In order to interpolate the solar angles for times not iiéted
by the program, graphs of azimuth and elevation against time of day
were prepared. Samples of thesé are éhown in Figures F-1 and F-2.

Angles were measured in the field with a magnetic compass. A
correction‘of-ﬁ.s degrees had to be made to the compass readings to

correct for the difference between true north and-magnetic‘north [64].
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SOLAR ELEVATION, 90°- ,(DEGREES)
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FIGURE F-I. SOLAR ELEVATION VERSUS TIME OF DAY FOR AUGUST 6, 974
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SOLAR AZIMUTH FROM TRUE NORTH, o DEGREES})
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FIGURE F-2. SOLAR AZIMUTH VERSUS TIME OF DAY FOR AUGUST 6, 1974
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NOMENCLATURE

Right ascension

Declination

Distance from earth to celestial body
Goedetic latitude of observation station
Longitﬁde of station

Altitude of station

Time, minutes’

Azimuth

Elevation

Slant range, the distance from earth to celestial body
Sidereal time .

Equat&rial radius of earth

Fléttening factor

Zf—fz, thé'eccentripity of earth

Factorslto accbﬁnt for earth's eccentricity

Universial time, same as Greenwich mean time

Julian date

Intermediate variable in calculation of sidereal time
Divided difference

Subscript for interpolated values

‘Subscript for Greenwich meridian

Subscript for O hour universal time



. APPENDIX G

REFLECTANCE DATA FROM FIELD TESTS
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0.8~

g°<Y < /80°

07
0.6
05
0.4
03¢t

o RUN 103
02 O RUN 104

RELATIVE BIDIRECTIONAL REFLECTANCE

o1 }

180°= Y = 360°

. 1 i 1 J 1 | 1 J

60 50 40 30 20

0 0 e 20 30 40 50 60

SOLAR ZENITH ANGLE, {,(DEGREES)

FIGURE G-1. RELATIVE BIDIRECTIONAL REFLECTANCE OF BERMUDA GRASS
AT A=.35 MICRONS TAKEN IN FIELD WITH PLATFORM MOUNTED MIRROR
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0.l b

06 -

0°= ) =/80°

180° = Y = 360°

o RUN 103
Q RUN 104

i I i 1 1 1 1 L ) | 1 ]

0'060

RELATIVE BIDIRECTIONAL REFLECTANCE

50 40 30 20 0 O 10 20 30 40 50 60
SOLAR ZENITH ANGLE, {,{DEGREES)

FIGURE G-2. RELATIVE BIDIRECTIONAL REFLECTANCE OF BERMUDA GRASS
AT A=.40 MICRONS TAKEN IN FIELD WITH PLATFORM MOUNTED MIRROR
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06 r 0°= Y =/80°

05

/80°= Y = 360°

o RUN {03
O RUN 104

| | 1 J

RELATIVE BIDIRECTIONAL REFLECTANCE

- 60 50 40 30 20
SOLAR ZENITH ANGLE,{,(DEGREES)

1
o -

0

1
{0

: 1
20 30 40 50 60

FIGURE G-3. RELATIVE BIDIRECTIONAL REFLECTANCE OF BERMUDA GRASS

AT A=.45 MICRONS TAKEN IN FIELD WITH PLATFORM MOUNTED MIRROR
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0°< Y = /80° 180°= Y =360°
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o]
'S

o
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o
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o
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1 I 1 | A 1 L _
10 0 0 - 20 30 40 50 60
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o
o

8
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2
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" FIGURE G-4. RELATIVE BIDIRECTIONAL REFLECTANCE OF BERMUDA GRASS
AT A=.50 MICRONS TAKEN IN FIELD WITH PLATFORM MOUNTED MIRROR
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06 ~ -

/180°=< y =360°

0°= Y =/80°

© RUN 103
O RUN {04

1 1 1 l- 1 ] L | 1 S | 1 J

co

RELATIVE BIDIRECTIONAL REFLECTANCE

60

5 40 30 20 0 O 10 20 30 40 50 60

SOLAR ZENITH ANGLE,{,(DEGREES)

FIGURE G-5. RELATIVE BIDIRECTIONAL REFLECTANCE OF BERMUDA GRASS
AT A=.55 MICRONS TAKEN IN FIELD WITH PLATFORM MOUNTED MIRROR
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FIGURE G-6. RELATIVE BIDIRECTIONAL REFLECTANCE OF BERMUDA GRASS
AT A=.60 MICRONS TAKEN [N FIELD WITH PLATFORM MOUNTED MIRROR
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: FIGURE G-7 RELATIVE BIDIRECTIONAL REFLECTANCE OF BERMUDA GRASS

AT A=.65 MICRONS TAKEN IN FIELD WITH PLATFORM MOUNTED MIRROR -
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RELATIVE BIDIRECTIONAL REFLECTANCE
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or o= ¥ =/80° 180°= § = 360°
0.9- o
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FIGURE G-8. RELATIVE BIDIRECTIONAL REFLECTANCE
OF BERMUDA GRASS PLOT AT A=0.70 MICRONS
TAKEN IN FIELD -
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FIGURE G-9. RELATIVE BIDIRECTIONAL REFLECTANCE OF BERMUDA GRASS PLOT
AT A=0.75 MICRONS TAKEN IN FIELD |
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RELATIVE BIDIRECTIONAL REFLECTANCE
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FIGURE G-10. RELATIVE BIDIRECTIONAL REFLECTANCE OF BERMUDA GRASS PLOT

AT A=0.85 MICRONS TAKEN IN FIELD
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FIGURE G-Il. RELATIVE BIDIRECTIONAL REFLECTANCE

OF BERMUDA GRASS PLOT AT A:l.00 MICRONS
TAKEN IN FIELD
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RELATIVE BIDIRECTIONAL REFLECTANCE
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FIGURE G-12. RELATIVE BIDIRECTIONAL REFLECTANCE
OF BERMUDA GRASS PLOT AT A=(.25 MICRONS
- TAKEN IN FIELD
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FIGURE G-13. RELATIVE BIDIRECTIONAL REFLECTANCE OF BERMUDA GRASS PLOT

AT A=1.50 MICRONS TAKEN IN FIELD
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FIGURE G-14. RELATIVE BIDIRECTIONAL REFLECTANCE OF BERMUDA GRASS PLOT
| AT A=1.75 MICRONS TAKEN IN FIELD
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FIGURE G-15. RELATIVE BIDIRECT IONAL REFLECTANCE OF BERMUDA GRASS PLOT
: ' AT A=200 MICRONS TAKEN IN FIELD |
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FIGURE G-16. RELATIVE BIDIRECTIONAL REFLECTANCE OF BERMUDA GRASS PLOT
AT A=2.25 MICRONS TAKEN IN FIELD
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